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COMMITTEES  OF  THE  SOCIETY. 

A  large  part  of  the  work  of  the  Society  is  conducted  by 
committees  under  the  direction  of  the  Committee  on  Com- 
mittees and  their  work  for  the  year  1920-21  is : 
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H.  S.  Evans,  W.  0.  Wiley  and  F.  L.  Bishop. 

Committees  Nos.  1,  2,  and  3  have  their  work  defined  by  the 
By-Laws  of  the  Society. 

4.  Committee  on  Committees:  ^Mortimer  E.  Cooley,  T.  U. 
Taylor,  H.  S.  Evans,  W.  0.  Wiley,  C.  J.  Tilden,  H.  B.  Shaw, 
and  F.  L.  Bishop. 

7.  Institutional  Committee :  T.  U.  Taylor,  Chairman. 

To  bring  the  policies  of  the  Society  to  the  attention  of 
the  executives  and  other  teachers  in  their  institutions  and  to 
represent  the  Society  at  the  institutions. 

8.  Committee  on  Admission:  0.  J.  Ferguson,  Chairman, 
L.  L.  Thurstone,  L.  P.  Rondinella,  and  C.  E.  JMagnusson. 

Study  of  the  methods  of  admission  to  engineering  schools 
including  European  schools. 

9.  Committee  on  Administration :  H.  S.  Evans,  Chairman, 
F.  P.  IMcKibben,  W.  G.  Raymond,  John  T.  Faig. 

10.  Committee  on  Mathematics :  L.  C.  Plant,  Chairman, 
E.  R.  Hedrick,  and  C.  E.  Comstock. 

Cooperate  with  the  National  Committee  on  Mathematical 
Requirements,  under  the  auspices  of  the  ^Mathematical  Asso- 
ciation of  America. 

11.  Chemistry :  Joint  Committee  on  Chemistry :  R.  M.  Bird, 
Chairman. 

American  Chemical  Society :  H.  P.  Talbot,  S.  W.  Parr  and 
R.  H.  McKee. 

Society  for  the  Promotion  of  Engineering  Education:  R. 
:M.  Bird,  J.  H.  James  and  J.  R.  Withrow. 


Vm  COMMITTEES    OF    THE    SOCIETY. 

12.  Committee  on  English:  C.  W.  Park,  Chairman,  J.  R. 
Nelson,  Sada  Harbarger,  and  J.  R.  Macartlmr. 

Continue  the  study  of  the  present  status  of  the  teaching  of 
English  to  engineers. 

13.  Committee  on  Physics,  ^lechanics  and  Hydraulics:  W. 
S.  Franklin,  Chairman,  G.  W.  Stewart.  G.  S.  Thompson, 
0.  H.  Basquin,  C.  I.  Corp,  H.  H.  Higbie,  and  C.  J.  Tilden. 

14.  Committee  on  Business  Training:  ^lorris  Knowles, 
Chairman,  A.  B.  McDaniel.  P.  F.  Walker.  W.  E.  Wickenden, 
and  W.  E.  Mott. 

15.  Committee  on  Ci^^l  Engineering:  A.  II.  Blanehard, 
Chairman,  R.  H.  Hess,  ^V.  E.  Mott.  F.  P.  Spalding,  and  H.  S. 
Boardman.     Highway  engineering. 

16.  Committee  ou  ^lechanical  Engineering:  John  Airey, 
Chairman,  Hugo  Diemer,  W.  "W.  Carlson,  H.  "Wade  Hibbard, 
and  A.  Lewis  Jenkins.     Production  engineering. 

17.  Committee  on  Electrical  Engineering:  C.  F.  Harding, 
Chairman,  0.  J.  Ferguson.  Alexander  Gray.  H.  E.  Dyehe, 
F.  T.  Dargan,  E.  J.  Berg,  and  H.  B.  Shaw. 

18.  Committee  on  Alining  Engineering:  F.  W.  Sperr, 
Chairman,  J.  B.  Porter.  H.  H.  Stock. 

19.  Committee  ou  Drawing:  R.  S.  Kirby,  Charman,  T.  E. 
French.  W.  X.  Barnard,  and  E.  C.  Chilman. 

20.  Committee  on  Standardization  of  Technical  Nomen- 
clature: J.  T.  Faig,  Chairman,  "\V.  D.  Ennis.  F.  N.  Raymond, 
Chas.  "Warren  Hunt,  and  S.  E.  Moss. 

21.  Committee  on  R.  0.  T.  C. :  P.  F.  Walker.  Chairman, 

C.  R.  Mann,  and  Anson  Marston. 

22.  Committee  on  Intelligence  Tests:  L.  L.  Thurstone, 
Chairman,  Wm.  T.  Magruder,  Anson  Marston.  Dugald  C. 
Jackson,  and  C.  R.  Dooley. 

23.  Committee  to  Cooperate  with  the  American  Society  of 
^lechanical  Engineers:  Ira  N.  Ilollis.  Chairman. 

24.  Committee  on  Railroad  Special  Apprenticeship :  C, 
Russ  Richards,  Chairman,  D.  D.  Ewing.  L.  S.  Randolph,  "W. 

D.  Pence,  and  E.  E.  King. 

Present  status  of  railroad  special  apprenticeship. 
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OF   ENGINEERING  EDUCATION,   UNIVER- 
SITY  OF  MICHIGAN,   ANN  ARBOR, 
MICH.,  JUNE  29  TO  JULY  2,  1920. 

Tuesday,  June  29. 

11:30  A.  M. — Meeting  of  the  Council  in  the  Michigan  Union. 

12:30  P.  M. — Luncheon  for  the  Members  of  the  Council  at 

the  Michigan  Union. 

2:00  P.  M. — Opening  Session. 

Address  of  AVeleome  by  President  Harry  Burns  Hutchins. 
Response  to  the  Address  of  Welcome,  Arthur  M.  Greene,  Jr., 

President  of  the  Society. 
Addresses:  Cooperation  Between.  Industry  and  Education. 

R.  D.  Chapin,  President,  Hudson  Motor  Car  Company. 

S.  P.  Capen.  Director,  American  Council  on  Education. 
Discussion:  Opened  by  John  Airey,  University  of  Michigan. 
Appointment  of  Committees  on  Resolutions  and  Nominations. 
5:00  P.  M. — Twilight  recital  by  Professor  Earle  Moore  on  the 

Frieze  Memorial  Organ  in  the  Hill  Auditorium. 
8:00  P.  M. — Beception  in  the  Assembly  Room  of  the  Union. 

Wednesday,  June  30. 

8:30  A.  M. — Meeting  of  the  Institutional  Delegates. 
9:30  A.  M. — Second  Session. 

Conference  on  Engineering  Experiment  Stations.     Charles  S. 

Howe,  Chairman,  Special  Committee. 
Address:  "Cooperation  of  the  Engineering  Societies  With 

the    Engineering   Schools.''     Ira    N.    Hollis,   President, 

Worcester  Polytechnic  Institute. 
Discussion:  Opened  by  Mortimer  E.   Cooley,  University  of 

Michigan.    J.  H.  Dunlap,  The  State  University  of  Iowa. 


X  PROGRAM   OF   TWENTY-EIGHTH   ANNUAL    MEETING. 

Report  of  Committee  (23)  to  cooperate  with  the  American 
Society  of  Mechanical  Engineers.  Chairman,  C.  L. 
Mees,  Rose  Polytechnic  Institute. 

Report  of  Committee  (21)  to  cooperate  with  the  War  Depart- 
ment. Chairman,  Charles  S.  Howe,  Case  School  of  Ap- 
plied Science. 

Discussion:  Opened  by  J.  F.  Parker,  University  of  Michigan. 
Peter  Field,  University  of  Michigan. 

]1:30  A.  M. — AuiomohUes  ivill  he  at  the  Union  to  take  the 

the  guests  to  the  Barton  Hills  Country  Cluh,  where 

luncheon  will  be  served  at  12:15  P.  M. 

2:30  P.  M.— Third  Session. 

Reports  of  Committees 

(7)  Institutional.  A.  A.  Potter,  Chairman. 

(8)  Admission.  0.  V.  P.  Stout,  Chairman. 

(9)  Administration,  F.  P.  McKibben.  Chairman. 
(10)  Mathematics,  L.  C.  Plant,  Chairman. 

Address:   Courses  in  Engineering  Problems,   E.   C.   Kiefer, 

Iowa  State  College. 
Reports  of  Committees 

(11-a)   Physics,  G.  W.  Stewart,  Chairman. 

(11-b)   Chemistry,  R.  M.  Bird.  Chairman. 

(12)  English,  C.  TV.  Park,  Chairman. 

(13)  Mechanics  and  Hydralics,  0.  H.  Basquin,   Chair- 
man. 

(14)  Economics,  C.  C.  "Williams,  Chairman. 
Committee  on  Degrees,  A.  E.  Kennelly,  Chairman. 

8:00  P.  M.— Annual  Round  Table  at  the  Michigan  Union. 

Thursday,  July  1. 

7:30  A.  M. — Committee  Round  Table  Conference  at  Break- 
fast. 
9:00  A.  M. — Meeting  of  the  Council. 
9:30  A.  M.— Fourth  Session. 
Address:  "Pay  of  Engineering  Educators.''     F.  11.  Newell. 
Universitv  of  Illinois. 


PROGRAM   OF   TWENTY-EIGHTH   ANNUAL   MEETING.  XI 

Address :"  Cooperation  of  Public  Utilities."  H.  B.  Shaw, 
Doherty  Company,  New  York  City. 

Address:  ''Relation  between  Technical  Schools  and  Indus- 
try." C.  S.  Coler,  Westinghouse  Electric  and  Manufac- 
turing Company,  East  Pittsburgh,  Pa. 

Address:  "Cooperation  within  the  Universities."  G.  C. 
Anthony,  Tufts  College. 

Eeport  of  Committee  (22)  Intelligence  Tests..  L.  L.  Thurs- 
tone,  Chairman. 

Address:  "  Correlation  of  the  Army  Intelligence  Tests  with 
Academic  Work  of  our  First  Year  Students."  E.  F. 
Coddington,  The  Ohio  State  University. 

Address:  "Rating  System  for  Faculty  at  the  University  of 
Michigan."    J.  F.  Shepard,  University  of  Michigan. 

Discussion:  H.  H.  Higbie,  University  of  Michigan,  F.  H. 
Newell,  University  of  Illinois. 

Report  of  Committee  on  Nominations. 

Election  of  Officers. 

2:30  P.  M.— Fifth  Session. 

Address:  "Department  of  Engineering  Research,  Univer- 
sity of  Michigan."    A.  E.  White. 

Address:  "  Cooperative  System  of  the  Electrical  Engineer- 
ing Department,  M.  I.  T."  W.  H.  Timbie,  Massachusetts 
Institute  of  Technology. 

Reports  of  Committees  (15)  Civil  Engineering.  A.  H.  Fuller, 
Chairman. 

Address:  "Highway  and  Highway  Transport  Education." 
A.  H.  Blanchard,  University  of  Michigan. 

(16)  Mechanical  Engineering,  W.  W.  Bird,  Chairman. 

(17)  Electrical  Engineering,  C.  F.  Harding,  Chairman. 

(18)  Mining  Engineering,  F.  W.  Speer,  Chairman. 
(20)   Standardization  of  Technical  Nomenclature,  J.  T. 

Faig,  Chairman. 
Report  of  Treasurer. 
Report  of  Secretary. 

7:00  P.  31. — Annual  Dinner  at  the  Michigan  Union. 


XII        PROGRAM    OF   TWENTY-EIGHTH   ANNUAL    MEETING, 

Presidential  Address:  "Requirements:  Cooperation  between 
Preparatory  Schools,  Colleges  and  the  Industries  as 
Viewed  from  the  Standpoint  of  the  Educator."  Presi- 
,  dent  Arthur  M.  Greene,  Jr. 

Report  of  Committee  on  Resolutions. 

Friday.  July  2. 

8:00  A.  M. — SpeciaJ  cars  on  the  D.  V.  B.  will  Jeavc  the  Cam- 
pus arriving  i)i  Detroit  ai  10:00  A.  M.    Opportunitii  icijl 
he  given  to  inspect  the  Morgan  ami  Wriglit  Tire  Co., 
the  Connors  Creek  Pawer  Station  of  the  Detroit 
Edison  Co.,  and  the  new  sewerage  system 
and  at  least  one  of  the  large  automohile 
fa<'f&ries. 
1:30   P.    M. — Luncheon.      Place    will    he    announced   at    the 

meeting. 

Local  Committee. 
J.  Raleigh  Nelson.  Chairman. 

Entertainment  Committee. — J.  C.  Parker.  Chairman,  H.  C. 
Anderson,  W.  C.  Hoad.  J.  H.  Cannon.  J.  H.  Cissel.  W.  F. 
Davidson,  J.  E.  Emswiler.  L.  M.  Gram.  A.  E.  White.  H.  H. 
Higbee.  A.  H.  White,  W.  E.  Lay.  A.  H.  Lovell,  A.  O.  Lee.  A. 
R.  Decker.  H.  E.  Riggs. 

Registration  Committee. — F.  R.  Finch.  Chairman,  J.  Airey, 
B.  J.  Bailey.  A.  T.  Lindblad.  H.  J.  Goulding.  Clarence  John- 
ston. H.  W.  King,  H.  Brodie.  M.  J.  Orbeck.  F.  H.  Stevens, 
H.  C.  James. 

Beceptian  Committee.— T.  R.  Running.  Chairman,  Jos.  A. 
Bursley.  Peter  Field.  Louis  Hopkins.  A.  Ziwet.  C.  0.  Wisler, 
A.  H.  White.  F.  A.  Miekle.  J.  W.  Pawloski. 

Officers  for  the  1920  Meeting. 

Arthur  M.  Greene,  Jr.,  President. 
A.  A.  Potter.  F.  P.  McKibben, 

VieePresidcnts. 

W.  0.  Wiley.  Treasurer.  F.  L.  Bi.^hop,  Secretary, 

J.  Raleigh  Nelson,  Local  Chairman. 


MEMBERS    AND    GUESTS    REGISTERED    AT    THE 

MEETING. 


Allen,  Helen,  Miss 
Allen,  J.  R. 
Anderson,  H.  C. 
Airey,  John 
Bailey,  B.  F. 
Bailey,  B.  F.,  Mrs. 
Bass,  Frederic 
Basquin,  0.  H. 
Basquin,  0.  H.,  Mrs. 
Beal,  J.  E. 
Beal,  J.  E.,  Mrs. 
Berry,  H.  C. 
Berry,  H.  C,  Mrs. 
Bishop,  F.  L. 
Bissel,  G.  W. 
Bissell,  G.  W.,  Mrs. 
Blalock,  G.  C. 
Blanehard,  A.  H. 
Boardman,  H.  S. 
Boyd,  Alfred 
Boyd,  James  E. 
Bradford,  Jos.  N. 
Brand,  Louis 
Brag-g,  E.  M. 
Brodie,  Hugh 
Brown,  Carrol  G. 
Brown,  Carrol  G.,  Mrs. 
Bursley,  J.  A. 
Burton,  M.  L. 
Burton,  M.  L.,  Mrs. 
Cade,  C.  M. 


Caldwell,  F.  C. 
Cannon,  Jos.  H. 
Capen,  S.  P. 
Carman,  George  N. 
Chapin,  Roy  D. 
Cissel,  J.  H. 
Cissel,  J.  H.,  Mrs. 
Coler,  C.  S. 
Constant,  F.  H. 
Cooley,  M.  E. 
Cooley,  M.  F'.,  Mrs. 
Corp,  Chas.  I. 
Cory,  M.  M. 
Dag-gett,  P.  H. 
Davidson,  M.  W. 
Davidson,  Ward  F. 
Davidson,  Ward  F.,  Mrs. 
DeBerard,  Vv^.  W. 
Decker,  A.  J. 
Dickerson,  H.  S. 
Dicks,  N.  J. 
Dirks,  Henry  B. 
Dodge,  Homer  L. 
Dunlap,  J.  H. 
Earle,  S.  B. 
Elliott,  Roy  W. 
Elliott,  Roy  W.,  Mrs. 
Emswiler,  J.  E. 
Eriksen,  E.  1;. 
Eriksen,  E.  h.,  Mrs. 
Evans,  H.  S. 


Xiv         MEMBERS  AND  GUESTS  BEGISTERED  AT  MEETING. 


Ewing,  1).  D. 
pawing-,  D.  D.,  Mrs. 
Fairman.  J.  F. 
Felgar.  J.  H. 
Fergriison,  0    J. 
Fermier,  E.  J. 
Fessenclen,  C.  H. 
Fessenden,  E.  A. 
Field,  Peter 
Fineh,  Frank  R. 
Finch,  Frank  R.,  Mrs. 
Fish,  F.  A. 
Foberg,  J.  A. 
Franklin,  W.  S. 
Freeman,  E.  H. 
French,  Thos.  E. 
Fuller,  Almon  H. 
Gardner.  Raymond  F. 
Goddard,  R.  W. 
Goodenough.  G.  A. 
Goodenono;h,  G.  A.,  Mrs. 
Gould,  Fletcher  A. 
Goulding,  Herbert  J. 
Gram,  Lewis  M. 
Greene,  Arthur  M.,  Jr. 
Greene.  Arthur  M.,  Jr.,  Mrs. 
Hamilton,  F.  P. 
ITarbarger,  Sada  A.,  Miss 
Hatt,  W.  K. 
Hawley.  R.  S. 
Ilayford.  J.  F. 
Higbie,  H.  H. 
Higbie,  H.  H.,  Mrs. 
TTodgkins.  F.  L. 
Hoad.  W.  C. 
Hoad,  W.  C,  Mrs. 
HoUis,  Ira  N. 


Hollis,  0.  N. 
Holman,  William  F. 
Homes,  M.  Goode 
Hood,  Geo.  J. 
Hopkins,  Loais  A. 
Howe,  Chas.  S. 
Hower,  Harry  S. 
Hughes,  Hector  J. 
Hutchins.  H.  B. 
Hutchins,  H   B.,  Mrs. 
Hoexter,  S.  J. 
James,  H.  C. 
John,  "VYalton  C. 
Johnson,  A.  R. 
Johnson,  Pyke 
Johnston,  W.  W. 
Jordan,  H.  II. 
Ketchum,  Milo  S. 
Kinsley,  Carl 
Kiefer",  Earl  C. 
Kino^,  Horace  W. 
Kolyn,  M.  D. 
Kolyn,  M.  D.,  Mrs. 
Lay,  W.  E. 
Lee,  A.  0. 
Lendall,  H.  N. 
Leutwiler,  0.  A. 
Leutwiler,  0.  A..  Mrs. 
Lindbald,  A.  F. 
Lintliieum.   Frank  PI. 
Long,  John  J. 
Lovell,  A.  H. 
MacKavanagh,  T.  J. 
Magruder,  W.  T. 
Magnusson,  E.  E. 
Maurer,  E.  R. 
McCaustland,  E.  J. 


MEMBEES  AXD  GUESTS  REGISTERED  AT  MEETING. 


XV 


McCullough,  F.  M. 
MeKeniy,  Nell,  Miss 
McMulleu,  O.  E. 
McNair,  F.  W. 
Meeker,  AY.  H. 
Mees,  C.  L. 
Menefee,  F.  N. 
Merrill,  Jos.  F. 
Miekle,  F.  A. 
Miller,  Clyde  P. 
Moore,  Earl 
Moore,  H.  F. 
Mott,  William  E. 
Nagle,  J.  C. 
Nelson,  J.  R. 
Nelson,  J.  R.,  Mrs. 
Newell,  F.  H. 
Newton,  Guy  D. 
Newkirk,  B.  L, 
Nutting,  E.  P. 
Ohle,  Ernest  L. 
Orbeek.  M.  J. 
Park.  C.  W. 
Parker,  J.  C 
Parker,  J.  C.  Mrs. 
Parker,  G.  S. 
Patterson,  G.  W. 
Patterson,  G.  W.,  Mrs. 
Pawlowski,  F.  W. 
Peterson,  Enoch  E. 
Pinney,  J.  C,  Jr. 
Plant,  L.  C. 
Plant,  L.  C.  Mrs. 
Poor,  V.  C. 
Porter,  F.  M. 
Potter,  A.  A. 
Probert,  F.  H. 


Probert,  F.  H.,  Mrs. 
Moore,  A.  D. 
Qualley,  0.  W. 
Raber,  B.  F. 
Randall,  H.  M. 
Raymond,  W.  G. 
Rich,  D.  L. 
Richey,  J.  J. 
Riggs,  H.  E. 
Riggs,  H.  E  ,  Mrs. 
Risley,  W.  J. 
Roberts,  E.  B. 
Rockwell,  E.  H. 
Rodman,  AY.  S. 
Rouse,  Louis'  J. 
Rovelstad.  A.  M. 
Running,  T.  R. 
Sadler,  H.  C. 
Sadler,  H.  C,  Mrs. 
Sawyer,  A.  R. 
Scott,  Luther  C. 
Seeley,  Fred.  B. 
Sewell,  A.  H.,  Mrs. 
Shaad,  Geo.  C. 
Shaw,  H.  B. 
Shepard,  J.  F. 
Shone,  F.  P. 
Snow,  C.  H. 
Sperr,  F.  W. 
Stevens,  F.  H. 
Steward,  R.  K. 
Swinton,  R.  S. 
Talbot,  A.  N. 
Thomas,  H.  A. 
Thompson,  F.  F. 
Thompson,  K.  0. 
Thompson,  Jas.  S. 


XVI 


MEMBERS  AND  GUESTS  REGISTERED  AT  MEETING. 


Thornton,  -I.  E. 
Thornton.  W.  :\I. 
Thurstone,  L.  L. 
Tilden,  C.  J. 
Timbie,  W.  II. 
Timbip,  AV.  II.,  Mrs. 
Turneaure,  F.  E. 
Underdown,  Wm. 
Upthegrravo,  C. 
VanBuskirk,  H.  C. 
VanBiiskirk,  H.  C, 
Walker,  P.  F. 
Wheeler,  E.  B. 
White,  A.  E. 


Mrs. 


White,  A.  E  ,  Mrs. 
Wickenden,  W.  E. 
Wiley,  W.  0. 
Williams,  N.  H. 
Williston,  A.  L. 
Williston,  A    L.,  Mrs. 
Wilmot,  Sydney 
Wilson,  C.  E 
AVinslow,  A.  M. 
Wisler,  C.  0. 
With.-y.  M.  O. 
Wood,  A.  J. 
AVork.  Wm.  R. 
Ziwot.  Alexander 


MINUTES  OF  THE  TWENTY-EIGHTH 
ANNUAL  MEETING. 

The  University  op  ^Michigan,  Ann  Arbor. 
June  29-July  2,  1920. 


The  twentj^-eighth  annual  meeting  of  the  Society  for  the 
Promotion  of  Engineering  Education  was  held  at  the  Uni- 
versity of  Michigan,  Ann  Arbor,  INIich.,  June  29  to  July  2, 
1920.  The  sessions  were  held  in  the  new  Engineering 
Building.     There  were  238  in  attendance. 

MINUTES  OF  THE  REGULAR  SESSIONS. 
Tuesday,  June  29. 


Opening  Session. 

The  meeting  was  called  to  order  at  2  :  00  P.M.  by  J.  Raleigh 
Nelson,  Associate  Professor  of  English  in  the  Colleges  of 
Engineering  and  Architecture,  University  of  Michigan,  who 
introduced  Harry  Burns  Hutchins,  President  of  the  Uni- 
versity. President  Hutchins  welcomed  the  Society  to  the 
University.  Professor  Nelson  then  turned  the  meeting  over 
to  President  Arthur  I\I.  Greene,  Jr.,  who  responded  for  the 
Society.     The  keynote  of  the  meeting  was  cooperation. 

Roy  D.  Chapin,  President  of  the  Hudson  Motor  Car  Com- 
pany, read  a  paper  on  "Cooperation  Between  Industry  and 
Education."  This  was  followed  by  Dr.  S.  P.  Capen,  of  the 
American  Council  on  Education, '  who  read  a  paper  on  the 
same  subject.  "Sir.  Chapin  gave  the  industrial  side  of  the 
2  1 
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question,  while  Dr.  Capen  presented  it  from  the  viewpoint 
of  the  educator.  A  discussion  of  both  papers  followed.  Dean 
J.  R.  Allen  gave  a  short  address  on  the  work  of  the  Society  of 
Heating  and  Ventilating  Engineers. 

The  President  announced  the  following  as  members  of  the 
Committee  on  Resolutions:  W.  S.  Rodman,  Chairman,  G.  A. 
Goodenough  and  B.  F.  Raber. 

Wednesday.  June  30. 
Second  Session. 

The  meeting  was  called  to  order  at  9 :  00  A.M.  with  Presi- 
dent Greene  in  the  chair.  The  report  of  Committee  No.  21 
to  cooperate  with  the  War  Department  was  read.  Charles  S. 
Howe,  president  of  Case  School  of  Applied  Science,  and 
chairman  of  the  committee  appointed  to  make  a  study  of 
engineering  experiment  st<itions.  then  took  the  chair  and  the 
meeting  was  turned  over  to  a  discussion  of  this  matter.  It 
was  moved,  seconded  and  carried  "'That  it  is  the  sense  and 
opinion  of  this  meeting,  that  there  is  great  need  for  engineer- 
ing experimentation  and  research  and  that  we  favor  federal 
and  state  aid  for  experimentation  and  research." 

President  Ira  X.  HoUis  presented  a  paper  on  "Cooperation 
of  the  Engineering  Societies  with  the  Engineering  Schools." 
Discussion. 

Third  Session. 

President  Greene  called  the  meeting  to  order  at  2 :  30  P.M. 
Dean  ^I.  E.  Cooley  gave  a  short  address  on  the  ''Curriculum 
at  the  University  of  Michigan."  President  C.  L.  Mees,  chair- 
man of  the  Committee  No.  23  to  Cooperate  with  the  American 
Society  of  ^lechanical  Engineers  read  the  report  of  that  com- 
mittee. Discussion.  Director  J.  F.  Hayford  read  the  follow- 
ing resolution : 

"Resolved,  That  the  Executive  Committee  of  the  National 
Advisory  Committee  for  Aeronautics  be  instructed  to  under- 
take, insofar  as  may  be  found  practicable,  the  coordination 
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of  air  dynamic  research  work  in  the  educational  institutions 
of  the  country  where  are  located  air-dynamic  laboratories,  to 
the  end  that  greater  general  efficiency  in  carrying  out  such 
work  among  the  scattered  research  units  may  be  realized, 
unnecessary  duplication  of  effort  avoided,  and  in  order  that 
the  work  in  these  various  research  laboratories  may  be  carried 
forward  together  with  similar  working  of  the  government 
laboratories,  as  intelligently  related  part  of  a  general  research 
program. ' ' 

Vice-President  A.  A.  Potter  presented  the  report  of  Com- 
mittee No.  7,  Institutional.  Professor  L.  C.  Plant  read  the 
report  of  Committee  No.  10,  IMathematics.  Professor  E.  C. 
Kiefer  read  a  paper,  "Courses  in  Engineering  Problems," 
and  Professor  E.  F.  Coddington  read  "Correlation  of  the 
Army  Intelligence  Tests  mth  Academic  Work  of  our  First- 
Year  Students."  Discussion.  In  the  absence  of  the  Chair- 
man, Professor  G.  W.  Stewart,  Dean  W.  Gr.  Raymond  pre- 
sented the  report  of  Committee  No.  11-A,  Physics,  and  Pro- 
fessor 0.  H.  Basquin  presented  the  report  of  Committee  No. 
13,  Mechanics  and  Hydraulics.  Dean  P.  F.  Walker  read  the 
report  of  Committee  No.  14,  Economics,  in  the  absence  of  the 
chairman.  Professor  C.  C.  Williams.  The  report  of  Com- 
mittee No.  11-B,  Chemistry,  was  read  bj^  title. 

Thursday,  July  1. 

Fourth  Session. 

President  Greene  called  the  meeting  to  order  at  9 :  30  A.M. 
and  invited  Vice-President  Potter  to  take  the  chair.  Pro- 
fessor F.  H.  Newell  read  a  paper  on  "Pay  of  Engineering 
Educators."  Discussion.  Mr.  C.  S.  Coler  presented  a 
paper  on  "Relation  between  Technical  Schools  and  Industry" 
and  Mr.  H.  B.  Shaw  a  paper  on  "Cooperation  of  Public 
Utilities."  The  Secretary  reported  the  action  of  Council, 
namely,  that  the  next  meeting  of  the  Society  be  held  at  Yale 
University  beginning  June  28,  1921.  Upon  motion  the 
Society  voted  to  accept'  this  recommendation.  The  Nomi- 
nating Committee  reported  as  follows : 
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For  offioei"s  to  serve  one  year: 

For  President:  ^I.  E.  Cooley,  University  of  Michigan. 

For  Vice-Presidents:  T.  U.  Taylor,  University  of  Texas, 
H.  S.  Evans,  University  of  Colorado. 

For  Secretary:  F.  L.  Bishop,  University  of  Pittsburgh. 

For  Treasurer:  W.  0.  Wiley,  New  York  City. 

For  members  of  the  Council  to  serve  for  three  years:  J.  F. 
]\Ierrill,  University  of  Utah;  J.  H.-  Felgar,  University  of 
Oklahoma ;  W.  H.  Timbie,  Massachusetts  Institute  of  Tech- 
nology; L.  L.  Thurstone,  Carnegie  Institute  of  Teehnoloay ; 
K.  S.  King,  Georgia  School  of  Technology;  C.  C.  "Williams, 
University  of  Kansas;  J.  C.  Tracy,  Yale  University. 

Dr.  A.  L.  Williston  proposed  the  following  resolution  which 
upon  motion  was  accepted : 

"Besolved,  That  it  is  the  sense  of  this  meeting  of  the 
Society  for  the  Promotion  of  Engineering  Education  that  the 
Committee  on  Engineering  Experimentation  proceed  with  its 
study  of  plans  for  the  furtherance  of  Engineering  Investi- 
gation and  Research,  and  that  it  endeavor  to  harmonize  the 
differences  of  the  existing  plans  for  this  purpose,  if  possible, 
or  if  this  be  found  impracticable,  that  it  recommend  some 
plan  of  its  own  for  consideration  of  this  Society  at  a  future 
meeting." 

Dr.  L.  L.  Thurstone,  Chairman  of  Committee  No.  22,  In- 
telligence Tests  presented  the  report  of  that  committee.  Pro- 
fessor J.  F.  Shepard  read  a  paper  on  the  "  Rating  System 
for  P'aculty  at  tlie  University  of  Michigan."     Discussion. 

Fifth  Session. 

The  meeting  was  called  to  order  by  President  Greene  at 
2 :  00  Y.'Sl.  In  the  absence  of  Professor  A.  E.  Kennelly, 
Chairman  of  the  Committee  on  Degrees,  Professor  F.  W. 
Sperr  presented  the  report  of  that  committee.  Professor  E. 
II.  Rockwell  read  Dean  G.  C.  Anthony's  paper  on  ''Inter- 
departmental Coijrdination. ' ' 

President  Greene  appointed  President  Ira  N.  Hollis.  as  a 
classmate  of  the  President-Elect  at  the  Naval  Academv.  and 
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President  F.  W.  MeXair,  Senior  Past-President  of  the  Society 
in  attendance  at  the  meeting,  to  escort  President  Cooley  to 
the  chair.  In  presenting  the  President-Elect  to  President 
Greene,  President  Hollis  said:  "Mr.  President  we  have  the 
honor  of  presenting  to  you  your  successor  in  office.  Having 
been  duly  elected  president  of  this  Society,  I  am  sure  by  his 
skill  in  navigating  through  treacherous  channels,  he  will 
prove  an  honor  to  the  profession  and  this  Society."  Presi- 
dent Greene  then  introduced  the  new  president  to  the  Society 
and  he  accepted  the  office  with  a  few  remarks. 

Professor  C.  W.  Park.  Chairman  of  Committee  No.  12, 
English,  presented  part  of  the  report  of  that  committee,  and 
Miss  Sada  A.  Harbarger,  a  member  of  the  Committee,  re- 
ported on  the  other  part. 

The  Treasurer,  Mr.  Wiley,  presented  his  report  for  the 
year  1919-20  and  recommended  that  each  member  be  assessed 
$1.00  for  two  years  in  order  that  the  increased  cost  of  print- 
ing may  be  met.  The  Society  voted  to  accept  this  recom- 
mendation and  to  levy  the  assessment. 

Professor  A.  E.  White  read  his  paper  on  "Department  of 
Engineering  Research,  University  of  ^Michigan,"  and  Pro- 
fessor W.  H.  Timbie  presented  "Cooperative  System  of  Elec- 
trical Engineering  Department,  ^Massachusetts  Institute  of 
Technology."  Professor  A.  N.  Talbot  discussed  the  Society's 
work  at  the  U.  S.  Naval  Academy.  Professor  A.  H.  Fuller, 
Chairman  of  Committee  No.  15,  Civil  Engineering,  presented 
the  report  of  that  committee.  Discussion.  Professor  A.  H. 
Blanchard  presented  a  paper  on  "Highway  and  Highway 
Transport  Education."  In  the  absence  of  the  Chairman, 
C.  Francis  Harding,  Dean  0.  J.  Ferguson  read  the  report  of 
Committee  No.  17,  Electrical  Engineering.  Professor  F.  W. 
Sperr  presented  the  report  of  Committee  No.  18,  [Mining 
Engineering. 

Annual  Dinner. 

At  the  annual  dinner  President  Greene  read  his  presi- 
dential address,   "Requirements:   Cooperation  between  Pre- 
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paratoiy  Schools,  Colleges  and  the  Industries  as  Viewed  from 
the  Standpoint  of  the  Educator,"  Dr.  Marion  LeRoy  Bijrton 
having  just  assumed  his  office  that  day,  as  President  of  the 
University  of  Michigan,  the  Society  presented  him  with  a 
basket  of  flowers.  President  Burton  responded  to  this  with 
an  address. 

The  Committee  on  Resolutions  reported  as  follows: 

Resolved,  That  it  is  the  sense  of  this  meeting  of  the  Society 
for  the  Promotion  of  Engineering  Education  that  the  Com- 
mittee on  Engineering  Experimentation  proceed  with  its 
study  of  plans  for  the  furtherance  of  Engineering  Investiga- 
tion and  Research,  and  that  it  endeavor  to  harmonize  the 
differences  of  the  existing  plans  for  this  purpose,  if  possible, 
or  if  this  be  found  impracticable,  that  it  recommend  some 
plan  of  its  own  for  consideration  of  this  Society  at  a  future 
meeting. 

The  Society  for  the  Promotion  of  Engineering  Education 
deeply  appreciates  the  many  courtesies  extended  by  the 
officials  and  members  of  the  faculty  of  the  University  of 
^Michigan  and  others  who  have  been  instrumental  in  making 
the  convention  of  nineteen  twenty  so  pleasant  and  profitable. 
Therefore  be  it 

Resolved,  That  the  thanks  of  the  Society  be  hereby  tendered 
to  the  regents  of  the  University,  Past-President  Hutchins. 
President  Burton,  Dean  Cooley.  Professor  Nelson,  and  other 
members  of  the  Faculty  and  Local  Committee  for  the  admir- 
able provisions  made  for  the  reception  and  entertainment  of 
its  members  and  guests;  to  the  Michigan  Union  for  the  ex- 
cellent facilities  and  service  so  graciously  rendered :  to  the 
Regents  of  the  University  for  the  vers-  delightful  luncheon 
furnished  at  Vivian  House:  to  ^Irs.  G.  W.  Patterson  for  her 
charming  hospitality  to  the  ladies  at  "The  Orchards"':  to 
Professor  Earl  Moore  for  the  arrangement  of  the  organ 
recital  in  the  Hill  Auditorium;  and  to  the  fraternities  which 
so  kindly  opened  their  houses. 

Resolved  further.  That  the  thanks  of  the  Society  be  ex- 
pressed to  the  Detroit  Edison  Company,  and  particularly  to 
the  President,  Mr.  Alex  Dow,  for  the  courtesies  extended  at 
Vivian  House,  and  for  the  opportunity  afforded  for  inspec- 
tion of  the  Conners  Creek  Power  Station :  to  the  business  men 
of  Ann  Arbor  for  their  generous  loan  of  automobiles:  to  the 
Hudson  INfotor  Car  Company,  ^lorgan  and  Wright  Tire  Com- 
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pany,  and  Parke  Davis  and  Company  for  privileges  of  in- 
spection of  their  plants ;  and  to  the  City  Engineer  of  Detroit, 
Mr.  Ilubbell,  for  the  cordial  arrangements  for  the  tour  of  the 
Sewerage  System. 

Whereas,  The  Council  of  the  Society  for  the  Promotion 
of  Engineering  Education  has  recently  voted  to  present  to 
the  Pan-American  Union  a  set  of  its  Proceedings  and  to 
exchange  its  publications,  and 

"Whereas,  By  this  action  it  has  shown  its  interest  in  edu- 
cation throughout  the  American  Eepublics  and  its  desire  to 
be  of  service,  be  it 

Resolved,  That  the  members  of  the  Society  assembled  at 
the  annual  convention  held  at  the  University  of  Michigan 
express  their  approval  of  this  action,  and  be  it 

Resolved,  That  we  express  to  the  educational  authorities  of 
the  South  American  Republics  our  desire  to  cooperate  with 
them  in  their  engineering  educational  problems  and  to  be  of 
service  in  any  way,  and  that  we  desire  to  promote  the  most 
cordial  and  friendly  relations  with  them,  and  be  it 

Resolved,  That  we  request  our  members  to  study  the  engi- 
neering records  of  these  countries  to  the  end  that  we  may  be 
of  service  when  requests  come  from  their  governments,  and 
finally  be  it 

Resolved,  That  these  statements  be  transmitted  to  the  Pan- 
American  Union  and  to  the  Bureau  of  South  American  Re- 
publics of  the  State  Department  of  the  United  States  for 
transmission  to  the  proper  authorities. 

President  Greene,  in  a  few  words,  turned  the  office  over  to 
the  President-Elect  Mortimer  E.  Cooley  who,  after  ascertain- 
ing there  was  no  further  business  to  come  before  the  meeting, 
declared  the  convention  adjourned. 

MINUTES  OF  COUNCIL  MEETINGS  HELD 
JUNE  29  AND  JULY  i,  1920. 

jMeetings  of  the  Council  were  held  on  Tuesday,  June  29, 
and  Thursday,  July  1.  IMembers  who  attended  these  meet- 
ings are :  Frederic  Bass,  F.  L.  Bishop,  H.  S.  Boardman,  E.  P. 
Coddington,  A.  M.  Greene,  Jr.,  John  F.  Hayford,  C.  S.  Howe, 
0.   A.   Leutwiler,   F.   W.   McNair,   W.   E.   Mott,   J.   Raleigh 
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Nelson,  W.  G.  Raymond,  W.  J.  Risley,  E.  H.  Rockwell.  AV.  S. 
Rodman,  C.  J.  Tilden,  and  W.  0.  Wiley. 
The  motions  acted  upon  were  as  follows : 

1.  That  the  invitation  to  hold  the  next  meeting  of  the 
Society  at  Yale  University  be  accepted.     Carried. 

2.  That  the  1921  meeting  at  Yale  University  begin  Tues- 
day, June  28.     Carried. 

3.  That  the  Treasurer's  report  be  referred  to  the  meeting. 
Carried. 

4.  That  the  recommendation  of  ^Ir.  Wiley  to  the  effect  that 
each  member  be  assessed  $1  for  a  period  of  two  years  in  order 
that  the  Society  may  be  able  to  pay  up  past  indebtedness,  be 
increased  to  $2  for  two  years.  This  motion  amended  that  it 
be  $1  for  two  years.  Amendment  carried.  Motion  as 
amended  voted  upon  and  carried. 

5.  That  the  next  meeting  of  the  Society  be  held  in  the 
winter.     Lost. 

6.  C.  J.  Tilden  was  elected  to  serve  for  three  years  on  the 
committee  of  the  American  Council  on  Education. 

7.  That  a  complete  set  of  the  Proceedings  be  given  to  the 
Pan-American  Union.     Carried. 

8.  That  the  Committee  on  Resolutions  draw  up  and  present 
to  the  meeting  resolutions  pertaining  to  the  relations  between 
this  country  and  South  American  countries. 

9.  That  membership  in  the  John  Holmes  Safety  Association 
be  continued.     Carried. 

10.  That  the  Society  for  the  Promotion  of  Engineering 
Education  not  take  part  in  the  meeting  of  the  American  Asso- 
ciation for  the  Advancement  of  Science.     Carried. 

11.  That  the  resignations  of  charter  members  be  not 
accepted.     Carried. 

12.  That  the  chairman  of  each  committee  be  considered  as 
a  cooperative  editor  with  the  Secretary  in  editing  the  bulle- 
tin.    Carried. 

13.  That  the  reports  of  the  Committees  on  Physics  and 
Mechanics  be  printed  in  the  Proceedings  only  after  further 
editing.     Carried. 
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14.  The  following  applicants  were  recommended  to  the 
Society  for  election : 

Bragg,  Edward  M.,  Cade,  Claude  M.,  Dirks,  Henry  B., 
French,  Robert  W.,  Kiafer,  Earl  C,  Kolyn,  Marion  D., 
Jasper,  Thomas  McL.,  Peterson,  John  C,  Ward,  Clayton  N., 
Wisler,  Chester  0.,  University  of  Porto  Rico. 

15.  The  following  budget  of  income  and  expense  for  the 
coming  year  was  reported  by  the  Executive  Committee  and 
adopted  by  the  Council : 

Estimated  Eeceipts. 

From  current  dues,  individual   $6,715.00 

Prom  current  dues,  institutional   710.00 

Prom  back  dues  800.00 

Prom  advertising   1,200.00 

Prom  sale  of  publications   150.00 

Estimated  receipts $9^575.00 

Estimated  Expense. 

A.  The  Michigan  meeting  (1920) $    400.00 

B.  Proceedings,  Vol.  28    1,800.00 

C.  Engineering  Education,  Vol.  XI 2,000.00 

D.  Committee  Expenses 150.00 

E.  Treasurer 's  honorarium   200.00 

P.  Secretary 's  honorarium   1,000.00 

H.  Clerical  assistant   1,500.00 

I.  Sundry  Printing 250.00 

J.  Postage  and  Express 200.00 

K.  Telephone  and  Telegraph 25.00 

L.  Office  Supplies    75.00 

Estimated  expense  $7,600.00 

Respectfully  submitted, 

F.  L.  Bishop, 
Secretary. 
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REPORT  OF  TREASURER,  JUNE  28,  1920. 
Beceipts. 

Cash  on  hand,  June,  1919   $1,068.71 

received,  Individual  Current  Dues $4,446.00 

"  "  Back  Dues   .  . .'. 631.50 

' '  Institutional   Current   Dues 695.00 

"  "  Back  Dues 97.50 

other  sources 1^73:61  $7,193.61 

$8,262.32 
Dishursements. 

Annual  meeting   $270.93 

Committee  Expenses    98.54 

Treasurer 's  OflBce,  on  account 25.00 

Secretary 's  Office,  on  account 800.00 

Secretary  's  Clerical  Assts 1,200.00 

Sundry  Printing 183.42 

Postage  and  Expressage 188.02 

Telephone  and  Telegraph 33.61 

Office  Sundries   49.08 

Vouchers  (7)  amount  returned 49.05 

"        (18)        "  "  4.29 

a/c  Payable    3,977.74  $6,479.68 

Balance  on  hand   , $1,782.61 

Assets. 

Accounts  Receivable    

Individual  Current  Dues $    944.00 

' '          Back  Dues   1,800.00 

Institutional  Current  Dues    70.00 

' '             Back  Dues 97.50 

Members  and  non-members   470.00 

Dr.  Bishop 's  Office   59.67 

"$3';441.17 

Inventory    2,546.00 

Cash    $1,406.03 

' '     Life  Member  Fund 497.26 

' '    Dr.  Bishop 's  Office 150.00           $8,040.46 

Liabilities. 

Members  paid  in  advance $      92.00 

Due  Dr.  Bishop   200.00 

New  Era  Printing  Co 2,913.12 

A.  E.  P.  Kerr  Co 338.50 

Whitehead  &  Hoag   45.35  $3,588.97 
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REPORT  OF  THE  SECRETARY. 

I  have  made  no  attempt  in  this  report  to  cover  all  the  activi- 
ties of  the  Society,  since  these  are  covered  to  a  large  extent  by 
the  reports  of  the  committees.  Consequently,  this  report  con- 
siders mainly  only  those  things  which  have  to  do  with  the 
Secretary's  office. 

Membership. 

There  have  resigned  or  been  dropped  for  non-payment  of 
dues  during  the  past  year,  108  members  and  6  deaths.  Of 
those  who  have  resigned,  sixty  per  cent,  have  entered  commer- 
cial work  and  state  that  they  are  no  longer  interested  in  edu- 
cational problems.  Thirteen  per  cent,  have  resigned  on  ac- 
count of  failure  of  institutions  to  increase  salaries.  There 
have  been  added  112  members.  There  are  11  applications  for 
membership,  making  the  total  new  members  this  year,  123, 
and  the  total,  membership,  1,522. 

It  is  interesting  to  note  the  number  of  new  members  added 
for  the  past  seven  years : 

1920 123      1918 79      1916 102      1914 134 

1919 90      1917 95      1915 129 

This  shows,  of  course,  the  immediate  effect  of  the  war  on  the 
number  of  new  members.  This  is  perhaps  even  more  strik- 
ingly illustrated  by  the  number  who  have  left  the  Society. 

1920 114      1918...  106      1916 50      1914 59 

1919....  91      1917...   78      1915 78      1913 51 

During  the  war  a  number  of  men  were  carried  on  the  rolls 
who  would  have  been  dropped  under  ordinary  conditions. 

These  figures  show  that  the  number  of  new  men  added  has 
almost  reached  the  number  added  previous  to  the  war,  while 
the  number  leaving  the  Society  has  probably  reached  the 
maximum. 
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Method  of  Collecting  Dues. 

At  the  suggestion  of  the  treasurer.  Mr.  Wiley,  the  Couueil 
recommended  that  the  secretary's  office  take  over  the  responsi- 
bility for  the  collection  of  dues  and  some  of  the  other  duties 
pertaining  to  the  Treasurer's  office. 

In  July,  1919,  bills  were  sent  to  all  members  showing  their 
total  indebtedness  to  the  Society.  This  was  followed  by  a 
second  notice  in  October,  and  a  third  notice  in  January.  Fol- 
lowing the  instruction  of  the  Council,  the  Secretary  wrote  a 
personal  letter  to  everj-one  owing  $12  or  more  and  at  the  same 
time  called  the  attention  of  the  Society's  representative  in  the 
institution  in  which  these  men  were  located  to  the  indebted- 
ness of  their  co-workers.  This  letter  was  very  satisfactory  in 
bringing  results  and  especially  in  finding  the  correct  ad- 
dresses of  some  of  these  men  who  had  left  the  teaching  pro- 
fession. A  fourth  notice  was  sent  the  latter  part  of  May  to  all 
members  owing  $8  or  less. 

Sections. 

The  Council  at  the  Baltimore  meeting  voted  that  the  So- 
ciety authorize  and  encourage  the  formation  of  sections  in 
cities,  states  and  other  geographical  divisions.  Vice-president 
Potter  was  authorized  to  act  as  chairman  of  the  committee  to 
encourage  the  formation  of  these  sections.  Through  the  ener- 
getic action  of  Dean  W.  E.  Mott,  of  Carnegie  Institute  of 
Technology,  the  first  section  was  organized  in  Pittsburgh  with 
Professor  P.  ^I.  Dysart,  Schenley  High  School,  as  chairman, 
and  the  late  Professor  L.  H.  Harris,  formerly  Assistant  Secre- 
tary of  the  Society,  as  Secretary.  Upon  the  death  of  Pro- 
fessor Harris,  Professor  C.  B.  Stanton,  of  Carnegie  Institute 
of  Technology,  assumed  his  duties.  The  other  sections  which 
have  been  formed  are  the  Georgia-Tech  Section  with  Profes- 
sor R.  S.  King  as  Secretary;  and  the  Kansas-Xebraska  Section 
with  Past-President  G.  R.  Chatburn  as  chairman,  and  Pro- 
fessor R.  A.  Seatou,  Kansas  State  Agricultural  College,  Sec- 
retary. 
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Other  districts  have  held  preliminar}-  meetings  looking 
toward  the  formation  of  sections.  I  quote  from  a  letter  from 
St.  John's  University,  Shanghai,  China:  "Here  at  St.  John's 
we  are  looking  forward  to  the  opening  of  work  in  Engineering 
in  the  near  future  but  our  plans  are  not  sufficiently  advanced 
to  justify  a  formal  announcement.  Until  that  announcement 
can  be  made  I  have  no  standing  as  a  teacher  of  engineering 
subjects  although  I  am  under  appointment  as  dean  of  the  new 
department  of  engineering.  I  very  much  hope  though  that  it 
will  be  possible  to  arrange  for  a  section  of  the  Society  out  in 
China  and  I  will  do  everything  I  personally  can  to  help  bring 
this  about." 

Publications. 

The  Society  has  for  a  number  of  years  been  issuing  a  bulle- 
tin, Engineering  Education,  ten  times  a  year,  and  the  annual 
volume  of  Proceedings.  Both,  I  believe,  have  contributed 
materially  to  the  promotion  of  engineering  education.  Dur- 
ing the  past  year  on  account  of  the  very  decided  advance  in 
the  cost  of  printing  it  has  been  necessary  to  limit  engineering 
education  to  the  smallest  possible  number  of  pages.  The  vol- 
ume of  Proceedings  was  considerably  reduced  in  cost  by 
eliminating  from  it  material  which  is  ordinaril}'  published  in 
the  year  book.  Thirty  pages  were  thus  eliminated.  A  notice 
received  the  first  of  May  from  the  publishers  indicated  that 
the  price  will  be  further  increased  during  the  coming  year. 
Following  the  example  of  other  engineering  societies,  it  will 
be  necessarj^  for  the  Society  to  consider  very  carefully  its 
printing  bill  for  the  forthcoming  year. 

The  Secretary's  office  answers  a  large  number  of  inquiries 
every  year  and  more  especially  during  the  past  year,  from  in- 
stitutions desiring  men  and  from  teachers  who  desire  positions. 
A  number  have  been  placed  in  this  way.  It  is  also  interesting 
to  note  that  we  often  receive  inquiries  from  prospective  stu- 
dents in  different  parts  of  the  world  in  regard  to  engineering 
schools.    In  such  cases,  the  questions  are  answered  to  the  best 
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of  our  ability  and  then  referred  to  the  nearest  engineering 
school  for  further  information. 

This  Society  is  the  only  engineering  society  devoted  to  edu- 
cation. Other  national  engineering  societies  are  devoted  al- 
most exclusively  to  the  technique  of  the  profession.  They 
have,  in  nearly  every  case,  committees  on  education  as  all  na- 
tional engineering  societies  recognize  the  importance  and 
direct  connection  between  the  proper  education  of  the  pros- 
pective engineer  and  the  growth  of  the  profession.  It  has 
seemed  to  the  Secretary  that  some  method  of  cooperation 
should  be  developed. 

The  discussion  by  President  Hollis,  of  the  Worcester  Poly- 
technic Institute,  on  the  relation  of  this  Society  to  other  engi- 
neering societies,  brings  directly  before  us  this  question  which 
is,  I  believe,  one  of  the  most  important  for  the  Society  to  settle. 

Committee  Work. 

The  committee  work  of  the  Society  shows  every  year  a  dis- 
tinct advance  by  each  one  of  the  committees  and  keeps  before 
the  teaching  profession  constantly  the  various  problems  in  the 
different  branches  of  engineering.  A  review  of  the  work  of 
some  of  these  committees  shows  marked  results  and  the  work 
has  produced  a  distinct  effect  upon  the  curricula  of  engineer- 
ing schools  as  well  as  the  method  of  presentation  of  the  dif- 
ferent subjects. 

President  Greene  appointed  a  new  standing  committee  on 
drawing  during  the  year.  One  of  the  most  important  prob- 
lems ever  undertaken  by  this  Society  was  presented  to  it  in  the 
form  of  the  memorial  from  The  Ohio  State  University. 

"Columbus,  0..  Dec.  2. 1919. 

"To  THE  Council  of  the  Society  for  the  Promotion  of 

Engineering  Education. 

''Gentlemen:  At  a  meeting  of  the  faculty  of  the  College  of 

Engineering  of  Ohio  State  University  dated  October  28,  1919, 

it  was  voted  to  request  the  special  committee  on  Engineering 
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Experiment  Station  Legislation  to  memorialize  your  council 
asking  that  as  soon  as  possible  a  committee  of  the  S.  P.  E,  E. 
be  appointed  whose  business  it  should  be  to  devise  some  method 
whereby  the  present  deadlock  between  the  Land  Grant  Col- 
leges and  the  separate  State  Universities  on  the  matter  of 
Engineering  Experiment  Station  Legislation  may  be  broken. 
"The  federal  government  is  favorable  to  this  sort  of  legis- 
lation as  evidenced  by  the  bills  that  have  from  time  to  time 
been  introduced  into  Congress.  But  there  is  no  promise  of  any 
accomplishment  so  long  as  opposition  from  either  faction  in- 
terested in  engineering  education  exists. 

"Passed  unanimously  by  engineering  faculty  on  Dec.  2, 
1919. 

(signed)     "Clyde  T.  Morris, 
D.  J.  Demerest, 
F.  C.  Blake,  Chairman." 
Respectfully  submitt^^d, 

F.  L.  Bishop. 
Secretary. 


ADDRESS  OF  WELCOME. 

BY   HARRY  BURNS   HUTCHIXS, 
President,  University  of  Michigan. 

Members  of  the  Society  for  the  Promotwn  of  Engineering 
Education:  In  behalf  of  the  regents  and  the  faculties  of  the 
University  of  Michigan,  it  is  my  pleasure  to  extend  to  you  a 
most  cordial  greeting,  and  a  most  hearty  welcome  to  these 
halls.  "We  feel  honored  by  your  presence.  It  is  an  honor  to 
any  university  to  entertain  a  body  of  men  who  are  having  the 
influence  upon  scientific  and,  particularly,  scientific  engineer- 
ing education  that  this  body  has  had  and  is  having,  and  will 
have  in  the  future.  "We  trust  that  your  meeting  here  will  be 
full  of  profit  and  not  entirely  without  pleasure. 

I  hardly  know  what  to  say  to  you  this  afternoon.  I  sup- 
posed until  about  an  hour  ago  that  this  duty  would  be  per 
formed  by  the  dean  of  our  engineering  college.  At  the  time 
the  program  was  made,  I  expected  to  be  out  of  town  upon  the 
occasion  of  your  meeting,  but  the  dean  discovered  about  an 
hour  ago  that  I  was  here  and  said  that  as  the  President  of  the 
University  I  must  appear.  I  replied,  "  I  don  "t  know  what  to  say, 
I  know  nothing  about  your  Society  or  about  engineering  edu- 
cation, except  in  a  general  way."  He  told  me  what  I  have 
just  said  to  you  about  your  influence  upon  n.ngineering  edu- 
cation, and  I  said,  "  If  I  speak  to  these  gentlemen,  I  must 
have  a  '  brief, '  ' '  and  here  is  the  * '  brief  ' '  which  is  put  into 
my  hands.  "With  this  before  me,  my  friends,  I  could  talk 
indefinitely  for  it  is  a  complete  outline.  But  notwithstanding 
the  "  brief,"  my  remarks  will  be  brief. 

As  you  are  our  guests,  I  think  it  would  be  appropriate  to 
call  your  attention  to  a  few  of  the  high  spots,  so  to  speak, 
in  the  history  of  the  University  of  Michigan,  and  particularly 
in  the  history  of  the  College  of  Engineering  of  this  Univer- 
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sity.  The  iiuiversity  organic  act,  under  which  we  are  now 
operating,  was  passed  in  1837.  Previous  to  that,  as  early  as 
1817,  the  University  was  planned  and  there  was  an  act  under 
which  a  school  functioned  under  the  name  of  the  University  of 
Michigania  in  the  neighboring  city  of  Detroit.  This  was  a 
unique  but  comprehensive  piece  of  legislation.  It  provided 
for  a  university  plan  that  was  broad  and  complete  in  all  of  its 
details.  Indeed,  the  University  today  has  not  filled  out  com- 
pletely the  plan  in  the  act  of  1817.  The  style  of  the  act  is 
pedantic.    It  is  full  of  classical  terms,  but  it  has  real  merit. 

In  1837  the  organic  act  of  the  University  of  today  was 
passed.  It  is  of  interest  to  this  Society,  I  am  sure,  to  know 
that  engineering  was  included  in  the  original  organic  act. 
So  on  paper,  at  any  rate,  we  have  had  an  engineering  school 
here  since  1837.  As  a  matter  of  fact,  engines-ring  instruction 
has  been  given  here,  according  to  Dean  Cooley's  ''brief," 
since  1853.  In  1853  the  first  professor  of  engineering  was 
appointed  and  the  first  class  was  graduated  in  1860.  The 
class  numbered  two  and  Dean  Cooley  tells  me  that  these  men 
are  still  living. 

In  point  of  establishment,  the  University  of  Michigan  is 
the  oldest  of  the  state  universities,  and  the  Engineering  Col- 
lege probably  is  the  third  or  fourth  in  the  country,  Rens- 
selaer being  first,  I  suppose,  I  am  not  certain  as  to  the  others. 

Military  engineering  was  established  here  in  1861,  but  it 
did  not  get  a  firm  hold  and  soon  dropped  out.  A  school  of 
mines  was  also  established  later  as  a  part  of  the  Engineering 
College  or  Engineering  Department,  as  it  was  then  called, 
but  the  Legislature  later  established  a  school  of  mines  in  the 
Upper  Peninsula,  and  instruction  in  this  field  was  then  aban- 
doned by  the  University. 

A  course  in  mechanical  engineering  was  established  here  in 
1868,  probably  the  first  course  in  the  country  in  that  subject. 
Up  to  that  time  instruction  in  engineering  in  the  University 
had  been  confined,  very  largely,  and  perhaps  entirely,  to  the 
field  of  civil  engineering.  However,  the  mechanical  engineer- 
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iug:  instruction  did  not  long  persist.  For  soiue»reason.  it  was 
abandoned,  and  was  not  revived  or  reestablished  until  1S81, 
the  year  Dean  Cooley  came  to  the  University. 

In  1875  there  was  also  a  sporadic  attempt  to  establish  a 
department  of  architecture  in  connection  wiih  the  Engineer- 
ing College.  But  the  Legislature  failing  to  give  the  neces- 
sary appropriation  for  the  continuance  of  the  department, 
it  was  abandoned  two  or  three  years  later,  to  be  reestablished, 
however,  in  1905.  At  the  present  time,  the  College  of  En- 
gineering in  the  University  embraces  practically  all  of  the 
modern  branches  of  engineering.  At  any  rate,  it  is  so  stated 
in  my  ' '  brief. ' '  The  departments  now  functioning  are  the 
following:  Civil  Engineering.  Mechanical  Engineering.  Elec- 
trical Engineering,  Chemical  Engineering,  Marine  Engineer- 
ing, and  Naval  Architecture,  Architecture,  and  Architectural 
Engineering. 

The  College  is  one  of  the  largest  in  the  country.  The  at- 
tendance last  year  was  2,038,  and  adding  the  attendance  at 
the  Summer  Session,  2.170. 

The  University  of  Michigan  almost  from  the  first  has  been 
noted  for  its  cosmopolitan  character.  I  came  to  the  Univer- 
sity as  a  student  in  1867.  At  that  time  there  were.  1.229  stu- 
dents, as  I  recollect.  There  were  the  three  departments,  as 
ihey  were  called  then,  the  three  departments  authorized  in 
the  original  organic  act.  Others  have  been  added  since.  Thev 
were  the  Department  of  Literature.  Science,  and  the  Arts, 
the  Department  of  Engineering,  and  the  Medical  Department. 
The  1,229  students  came  from  twenty-nine  different  states. 
That  is  my  recollection.  I  have  not  the  figures  before  me. 
Four  territories  were  then  represented  in  the  student  body, 
and  five  foreign  countries,  which  is  the  cosmopolitan  record 
for  that  time.  At  the  present  time  in  the  student  body,  we 
have  representatives  from  every  state  in  the  Union,  and  from 
thirty-four  foreign  countries.  Some  foreign  countries  send 
large  delegations.  We  have  from  South  Africa,  for  example, 
forty  or  forty-five  students;  from  China,  sixty  or  seventy. 
The  Engineering  College  is  cosmopolitan  in  character,  as  is 
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the  whole  University.  Eng-ineering  students,  according  to 
my  ' '  brief, ' '  come  from  every  state  in  the  Union,  except  four, 
and  from  the  District  of  Columbia,  Hawaii,  Philippines,  Porto 
Rico,  and  from  eighteen  foreign  countries.  So  you  see  the 
students  coming  to  this  University  and  to  the  Engineering 
College  have  the  advantage  of  the  world.  In  this  there  is  a 
distinct  advantage,  particularly  for  engineering  students. 
Your  problems  are  fast  becoming  world  problems.  When 
.  I  was  an  undergraduate,  the  Engineering  Department  was 
small;  engineering  problems  were  just  beginning  to  develop. 
We  were  not  awake  to  the  importance  of  the  profession,  and 
to  the  manner  in  which  it  would  thereafter  figure  in  the  de- 
velopment, not  only  of  this  country,  but  of  the  world.  But 
the  problems  are  now  with  us  in  large  numbers  and  many 
are  of  supreme  importance. 

A  word  as  to  the  sources  of  revenue  of  the  University  may 
not  be  out  of  place.  This  is  the  oldest  of  the  state  universities. 
The  University  of  Indiana  has  a  paper  existence  somewhat 
older  than  the  University  of  Michigan,  but  the  University  of 
Michigan  is  the  oldest  of  the  state  universities  to  function. 
The  support  comes  largely  from  the  state,  very  largely  from 
the  state.  The  regular  income  is  derived  from  a  tax  upon 
the  taxable  property  of  the  state.  This  at  present  in  round 
numbers  is  a  million  seven  hundred  thousand  dollars.  The 
theory  of  the  legislation  providing  for  the  tax  is — and  I  sub- 
mit that  it  is  a  sound  theory — that  the  income  of  the  Univer- 
sity should  increase  in  proportion  to  the  increase  in  the  value 
of  the  taxable  property  of  the  state.  As  the  value  of  the 
property  goes  up,  the  income  of  the  University  automatically 
increases.  This  income,  together  with  the  tuition  received 
from  students,  and  the  income  from  certai)!  endowments,  is 
used  for  the  current  expenses  of  the  University.  For  special 
expenditures  as  for  buildings,  we  go  to  the  Legislature  for 
special  appropriations.  The  last  Legislature,  for  example, 
gave  us  over  two  million  dollars  for  special  purposes,  special 
buildings.  Dean  Cooley  says  this  building  is  not  large  enough 
for  him.  and  I  suppose  my  successor  will  in  the  near  future 
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have  to  ^o  to  the  Legislature  for  a  special  appropriation  for 
a  larger  engineering  building. 

This  University,  as  must  eventually  be  the  ease  with  every 
state  university,  seeks  to  supplement  its  income  from  the  state 
by  private  donations  and  bequests.  There  is  no  reason  why 
the  state  university  should  not  also  be  an  endowed  university. 
And  that  we  have  been  measurably  successful  is  evidenced 
by  the  fact  that  during  the  past  eleven  years  we  have  received 
from  alumni  and  friends  over  three  million  dollars. 

The  state  universities  are  the  universities  of  the  people. 
They  touch  the  people  closely.  They  are  not  bound  by  tra- 
dition. They  can  keep  abreast  of  the  times  without  being 
subjected  to  criticism.  They  are  the  universities  that  in  my 
judgment  will  take  a  leading  place  in  the  future.  Of  course, 
they  will  have  great  problems,  grave  problems.  If  my  suc- 
cessor— he  is  too  wise  a  man  to  think  so — if  he  thinks  the 
problems  have  all  been  solved,  he  is  mistaken.  I  think  the 
problems  of  the  future  will  be  more  difficult  and  more  im- 
portant than  those  of  the  past.  One  that  is  even  now  pressing 
is,  what  shall  we  do  with  the  flood  of  students  that  is  over- 
running every  state  university  in  the  land'/  We  have  en- 
rolled this  year  9,401  students.  My  successor,  President 
Burton,  says  that  that  one  student  is  his  daughter  whom  he 
sent  here  from  Minnesota.  The  state  university  is  the  univer- 
sity of  the  people ;  the  people  will  support  it.  How  far  will 
they  go  in  the  support  of  the  higher  education?  This  is  one 
of  the  great  questions,  and  it  will  be  the  work  of  the  future 
university  presidents  to  convince  the  people  of  their  duty  in 
this  regard. 

That  is  all  I  have  to  say.  I  will  close  by  reading  the  last 
paragraph  of  Dean  Cooley's  "brief":  "The  oldest  state  uni- 
versity and  one  of  the  earliest  engineering  schools  in  the  coun- 
try welcome  the  Society  for  the  Promotion  of  Engineering 
Education.'' 
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BY  ARTHUE  M.  GEEENE,  JE., 
President  of  the  Society. 

President  Hutchins,  it  is  a  great  pleasure  for  me,  as  a  rep- 
resentative of  this  society,  to  respond  to  this  message  of  wel- 
come. We  appreciate  very  much  the  fact  that  you  have  come 
at  the  end  of  a  very  strenuous  time,  your  commencement  sea- 
son, and  also  at  just  about  the  time  when  you  are  to  give  up 
the  reins  of  office  to  another,  as  one  of  your  last  acts  is  to  wel- 
come us  to  your  university.  The  Society  feels  that  you  and 
the  committees  have  planned  for  us  a  great  and  glorious  time, 
and  we  appreciate  this  very  much. 

I  personally  have  two  messages  of  appreciation  to  bring, 
one  because  I  happen  to  be  connected  at  the  present  time  with 
the  oldest  English-speaking  Engineering  School,  Rensselaer, 
and  you  happen  to  be  the  oldest  state  university  to  give  en- 
gineering. So  for  that  reason,  I  am  glad  that  I  am  present 
this  year  to  respond  to  these  words  of  yours. 

In  1845,  B.  Franklin  Greene,  the  Director  of  Rensselaer, 
brought  into  vogue  at  the  Institute  new  methods,  and  just 
two  years  after  that  time,  according  to  the  records.  Harvard 
and  Yale  and  your  own  institution  offered  engineering  to  the 
student.  We  offered  civil  engineering,  and  it  was  not  until 
the  sixties  that  other  branches  of  the  engineering  of  the  civilian 
were  offered,  mechanical,  mining,  and  metallurgical,  to  be 
followed  in  the  eighties  and  nineties  by  electrical  engineering 
and  chemical  engineering.  My  thought  goes  back,  in  looking 
over  the  work  of  graduates  of  these  engineering  schools,  who 
went  out  in  the  forties,  fifties,  sixties  and  in  studying  that 
which  they  did  for  the  development  of  the  transportation, 
and  the  resources  of  this  country,  to  question  whether  or  not 
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we  are  not  devotiugr  time  at  the  present  to  too  many  specialties. 
When  we  think  of  tlie  great  works  which  they  did  with  gen- 
eral engineering  training  only,  I  think  we  might  well  pause, 
Mr.  President,  and  ask  ourselves,  are  we  not  trying  to  cover 
too  much  of  the  minuti*  of  the  engineering  and  leaving  un- 
done the  basic  facts,  the  great  training  which  the  older  men 
got  for  their  future  work. 

There  is  another  personal  reason,  Mr.  President,  that  I 
have  for  being  glad  that  I  am  here  this  afternoon,  and  that  is 
that  although  not  a  son  by  blood,  I  am  by  training  and  in- 
fiueiK-e  a  son  of  that  class  of  the  United  States  Naval  Academy 
which  gave  Bartlett,  Cooley,  Hollis,  and  Spangler,  to  en- 
gineering education,  the  class  of  1878.  The  first  of  these  who 
has  devoted  his  life  to  the  training  of  naval  engineers,  the 
other  three  to  the  training  of  civilian  engineers.  Professor 
Spangler  to  whom  I  owe  much  and  to  whom  I  wish  to  give 
this  public  recognition,  by  his  method  and  his  manner  of  at- 
tack, leads  me  to  think  that  if  we  could  onl\  follow  the  work 
of  the  professors  at  the  Naval  Academy  who  held  chairs  there 
during  the  years  1874  to  1878,  we  would  do  well  in  our  edu- 
cational methods  of  today. 

As  a  society,  we  are  glad  to  be  here  in  order  to  see  the  work 
in  engineering  education  which  Dean  Cooley  and  his  faculty 
have  done.  It  is  a  great  inspiration  for  all  of  us  to  visit,  as 
we  do  each  year,  the  different  universities,  studying  their 
methods,  studying  their  equipment,  studying  their  schemes 
of  student  government,  so  that  we  may  take  home  with  us 
new  thoughts,  and  changes  for  our  own  curricula,  or  equip- 
ment. This  to  me,  with  the  pleasant  social  intercourse  of  these 
meetings,  is  probably  the  most  important  factor  in  making 
them  what  they  are  to  each  one  of  us.  We  are  going  to  hear 
later  in  our  ses.sions,  many  papers  which  will  be  presented 
and  read,  and  nothing  may  be  done  with  them,  but  the  friend- 
ships which  are  formed,  and  the  inspirations  which  we  get 
are  never  lost. 

We  are  glad  to  be  here  to  share  with  you  the  early  use  of 
the  wonderful  new  Union  Building.    Some  of  us  have  enjoyed 
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the  Huston  Club  at  Pennsylvania,  the  Harvard  Union  at  Cam- 
bridge, or  similar  buildings  at  Yale,  and  Princeton,  and  have 
realized  that  the  club  feature  was  the  utmost  in  the  minds  of 
those  who  planned  the  buildings.  In  your  building,  you  have 
brought  into  being  some  of  the  things  which  they  lack  and 
you  have  all  the  important  features  of  an  up-to-date  modern 
club,  and  this,  we  are  sure,  will  be  helpful  to  the  student  body 
here,  and  more  particularly  to  the  alumni  who  may  come  back 
to  renew  their  attachment  to  Alma  Mater. 

In  closing,  Mr.  President,  I  want  again  to  thank  you  for 
your  cordial  words,  and  also  extend  to  the  members  of  the 
various  committees  our  appreciation  for  the  work  which  they 
have  done  for  our  welfare  and  comfort  at  this  convention. 

Ladies  and  gentlemen:  In  planning  for  the  convention  we 
wished  to  strike  the  keynote  of  "  Cooperation  "  between  the 
schools,  the  colleges  and  the  industries.  AYe  wished  to  see 
if  there  were  not  some  things  which  we  could  all  do  to  pro- 
duce a  more  harmonious  unit,  and  in  order  to  understand 
something  of  what  the  industries  demand,  we  wished  to  have 
our  keynote  address  from  one  who,  a  college  man,  and  an 
alumnus  of  this  university,  is  handling,  is  dealing,  is  using 
our  product,  the  graduate  engineer.  We  feel  ourselves  very 
fortunate  to  have  with  us  this  afternoon  Mr.  Roy  D.  Chapin, 
the  President  of  the  Hudson  Motor  Car  Company.  It  is  with 
great  pleasure  that  I  present  him  to  you. 

INTRODUCTION  OF  PRESIDENT-ELECT. 

President  Hollis:  Mr.  President,  we  have  the  honor  of  pre- 
senting to  you  your  successor  in  office.  Having  been  duly 
elected  president  of  this  Society,  I  am  surf  by  his  skill  in 
navigating  through  treacherous  channels,  he  will  prove  an 
honor  to  the  profession  and  this  Society. 
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Mr.  President,  Members  of  the  Society:  Election  to  the 
presidency  of  the  Society  for  the  Promotion  of  Engineering 
Education  is  an  honor  which  cannot  be  declined — particularly 
after  one  has  been  elected — however  one  may  feel  about  it.  I 
thought  that  I  had  taken  precaution  which  would  insure  the 
selection  of  a  younger  and  less  busy  man.  There  are  dozens 
of  men  in  this  society  who  could  serve  the  society  far  more 
energetically  and,  I  think,  far  more  wisely.  But  the  best  of 
plans  gang  oft  agley.  I  am  one  of  your  older  members.  I 
think  that  I  have,  perhaps,  been  longer  in  the  teaching  pro- 
fession than  any  other  member  of  the  society,  certainly  any 
member  here.  In  another  year  I  will  have  been  teaching 
forty  years  in  one  professorship.  I  started  at  twenty-six. 
Please  do  not  a.sk  me  to  make  the  addition. 

Let  me  take  this  opportunity  to  say  something  suggested 
by  one  of  the  papers  read  this  morning — the  paper  on 
cooperation  with  the  industries.  It  must  be  twelve  or  fifteen 
3'ears — Professor  Allen  will  remember  as  he  was  with  me  at 
the  time — since  I  went  to  one  of  our  large  manufacturing 
companies  with  what  I  considered  an  excellent  idea.  I  made 
the  journey  of  three  hundred  miles  on  purpose  to  discuss 
cooperation  with  the  president  and  other  officers  of  the  com- 
pany. We  were  received  very  kindly,  and  when  I  explained 
to  them  the  purpose  of  our  visit  they  expressed  themselves  as 
much  interested. 

I  pointed  out  that  engineering  colleges  were  in  a  sense 
manufacturing  establishments,  that  the  industries  were  the 
market  for  our  product,  that  none  of  the  industries  up  to  that 
time  had  taken  the  slightest  interest  in  the  character  of  the 
product  being  turned  out  for  them,  that  the  colleges  were 
working  out  their  salvation  to  the  be.st  of  their  ability,  and 
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that,  SO  far  as  any  help  from  the  industries  was  concerned, 
they  were  working  in  the  dark. 

I  then  proposed  a  trial  of  this  plan :  that  the  company  de- 
tail to  this  university  one  of  its  good  men  in  some  particular 
line  of  work,  and  we  would  detail  to  the  company  one  of  our 
men  in  the  same  line  of  work ;  they  to  pay  the  salary  of  their 
man,  and  the  university  to  pay  the  salary  of  its  man.  After 
one  year  the  men  would  return  to  their  respective  employers. 

The  plan  contemplated  similar  arrangements  in  other  lines 
of  work  for  successive  years,  and  also  with  other  companies. 
In  that  way  I  thought  the  members  of  our  teaching  staff 
might  keep  in  close  touch  with  manufacturing  developments, 
and  the  manufacturers  in  close  touch  with  the  colleges.  There 
would  naturally  be  an  exchange  of  information  and  of  views 
which  could  not  fail  to  be  of  mutual  benefit.  This,  it  seemed 
to  me,  would  be  a  very  proper  arrangement,  and  would  be 
cooperation  in  the  fullest  sense  of  the  word.  But  nothing 
came  of  it.  The  fact  that  in  recent  years  the  industries  have 
been  showing  an  interest  in  the  work  of  the  colleges  is  very 
gratifying  to  all  college  men.  We  appreciate  their  interest 
and  thank  them  for  coming  forward  with  their  ideas. 

Looking  backward,  one  finds  that  very  great  changes  have 
taken  place.  Forty  years  ago  the  engineer  graduate  did  not 
know  where  to  find  an  opening.  He  frequently  had  to  wait 
weeks  and  months  for  it.  Today  the  opening  awaits  the  col- 
lege graduate.  They  are  sought  and  engaged  months  before 
graduation.    The  conditions  have  indeed  changed. 

Looking  forward,  it  is  very  difficult  to  predict  what  will 
come  about,  even  more  difficult  to  predict  what  should  come 
about.  But  we  can  judge  the  future  from  what  has  happened 
in  the  past.  One  definite  thought  has  crystallized  out  of  my 
nearly  forty  years  of  teaching  experience.  It  is  this:  We 
have  given  altogether  too  much  attention  to  preparing  the 
young  man  to  do  some  particular  thing.  We  should  have 
given  more  attention  to  preparing  the  man  to  live  the  life 
he  should  live  in  his  family  and  in  his  community.  What 
the  world  needs  is  a  better  and  more  rational  civilization.    The 
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most  hopeful  sign  I  see  for  engineering  education  is  that  the 
schools  are  all  coming  to  the  same  thought.  The  industries, 
particularly  the  manufacturing  industries,  must  inevitably 
reach  the  same  conclusion,  if  only  for  their  own  interests. 

We  have  been  exploring  a  wide  field,  each  one  in  his  own 
direction.  The  results  of  these  explorations  during  the  past 
thirty-five  or  forty  years  are  truly  wonderful.  You  can  find 
nothing  more  wonderful  in  written  history.  Dr.  HoUis  re- 
ferred to  the  civilization  that  existed  prior  to  the  building  of 
the  pyramids.  Relatively,  it  may  have  been  as  wonderful  as 
this  one,  but  we  do  not  know.  The  stories  of  the  Arabian 
Nights  pale  in  comparison  with  the  achievements  of  the  past 
twenty-five  years.  The  civilization  of  the  world,  as  we  know 
it,  has  been  largely  created  through  the  efforts  of  scientific 
men — of  engineers  especially.  Science  has  let  loose  very  great 
forces  which  are  raging  up  and  down  the  earth  uncontrolled. 
The  task  before  the  world  today  is  to  get  those  forces  under 
control.     That  is  our  problem  for  the  next  twenty-five  years. 

Teachers  are  artists — or  should  be.  All  are  engaged  in 
artist's  work, — molders  in  clay.  It  is  human  clay  at  its  most 
plastic  stage,  between  boyhood  and  manhood.  Young  men 
and  women  can  be  greatly  influenced  while  in  college.  A 
great  responsibility,  therefore,  rests  upon  the  teacher. 
Parents  all  through  the  land  entrust  to  us  their  children  to 
nuike  of  them  men  and  women.  Are  we  fully  sensible  of  our 
responsibility?  I  say  w^e  are  artists,  and  that  we  have  the 
most  precious  material  in  the  world  out  of  which  to  make  our 
image.  The  wise  teacher  has  great  powers  for  doing  good. 
The  time  to  do  good  is  now. 

If  I  have  any  thought  at  all  for  this  coming  year,  it  shall 
be  along  those  lines.  You  must  not  expect  me  to  encourage 
you  to  sweep  into  new  fields,  but  rather  to  get  a  line  of  sight 
from  the  pa.st  to  guide  us  in  what  I  feel  should  be  our  imme- 
diate task,  namely,  an  effort  to  reconstruct  some  parts  of  our 
engineering  education. 

Mr.  President,  and  Gentlemen,  I  am  very  appreciative  of 
the  honor  you  have  conferred  on. me,  and  shall  hope  to  be  able 
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to  rise  to  what  I  conceive  to  be  the  duties  of  the  office.  This 
has  been  an  inspiring  meeting.  I  am  impressed  by  the 
amount  of  thought  that  has  been  given  to  the  preparation 
the  papers.  Even  more  am  I  impressed  by  the  interest  which 
has  kept  the  full  attendance  at  all  meetings.  I  shall  strive  to 
merit  your  confidence,  the  way  towards  which  has  been  so 
clearly  indicated  by  my  very  able  predecessor.  Gentlemen,  1 
thank  you. 


PRESIDENTIAL  ADDRESS. 

REQUIREMENTS:    COOPERATION    BETWEEN 

PREPARATORY     SCHOOLS,     COLLEGES 

AND  THE  INDUSTRIES  AS  VIEWED 

FROM  THE  STANDPOINT  OF 

THE    EDUCATOR. 

BY  AETIIUR  M.  GREENE,  JR. 

The  engineering  college  stands  between  the  preparatory 
school  and  the  industries,  receiving  from  one  and  giving  its 
product  to  the  other.  The  relation  which  it  should  bear  to 
each,  the  cooperation  which  it  should  offer  and  expect,  and  the 
unity  of  development  which  the  three  should  manifest  are  the 
subjects  of  this  discussion. 

In  developing  these  thoughts  of  cooperation  it  is  necessary 
that  certain  admitted  premises  be  stated  or  the  conclusions  will 
be  invalid.  Certain  fundamentals  are  accepted  by  some  as  the 
basis  for  the  plan  of  engineering  education.  There  are  two 
distinct  views  regarding  the  preparation  for  this  training. 
Some  believe  that  such  colleges  should  be  planned  to  take  the 
product  of  our  average  high  school  or  preparatory  school  and 
in  a  limited  time  produce  men  suitable  for  individual  work  in 
the  industries.  Some  believe  that  the  schools  should  demand 
preparation  similar  to  that  required  by  law  and  medicine  and 
hence  that  an  academic  degree  or  two  years  of  college  work 
should  be  required  for  entrance  to  the  school  of  engineering. 
The  former  is  the  belief  of  the  greatest  number  of  schools  as 
indicated  by  their  requirements  for  entrance.  In  this  discus- 
sion the  assumption  is  then  made  that  the  college  is  to  accept 
graduates  from  the  high  school.  The  other  premise  which  is 
assumed  is  that  the  colleges  are  training  men  who  may  enter 
any  portion  of  the  particular  field  of  engineering  which  they 
have  selected.  The  granting  of  these  two  conditions  leads  to 
the  following  developments. 

28 
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The  average  high  school  or  preparatory  school !  What  is 
it  doing?    What  can  it  do?    What  should  it  do? 

The  engineering  school  of  which  we  will  speak  as  the  col- 
lege, requires  the  same  thing  from  the  high  school  as  that 
which  industry  demands  from  the  college  :  graduates  who  shall 
be  taught  to  reason  about  problems  which  are  related  to  the 
studies  they  have  taken,  and  studies  which  should  be  selected 
so  that  they  may  be  utilized  in  the  scheme  of  after  de- 
velopment. 

The  high  school  should  so  select  its  subjects  that  the  prepa- 
ration may  be  equally  of  use  to  the  pupil  entering  college  or  to 
the  pupil  entering  commercial  or  industrial  life.  Many  high 
school  pupils  do  not  know  what  they  will  do  when  their  course 
is  completed.  Many  alter  their  plans  due  to  changed  circum- 
stances. In  any  case  the  fact  remains  that  the  pupil  must 
think,  must  judge,  must  reason,  must  act  in  any  field  which 
he  enters. 

The  plea  is  made  that  greater  progress  could  be  attained 
if  a  more  complete  drill  could  be  given  the  pupils  in  the  appli- 
cation of  the  fundamental  high  school  studies  so  that  these 
subjects  become  real  to  them  and  they  may  reason  better  from 
this  training.  Using  a  word  from  our  last  convention,  ''moti- 
vation" should  be  introduced  to  stir  up  interest  but  many 
original  problems  must  be  given  to  cause  the  pupil  to  do  inde- 
pendent thinking.  Studies  should  be  made  more  real  to  the 
pupil  and  he  should  be  trained  in  making  decisions  through 
reasoning  based  on  this  work. 

Take  for  instance  arithmetic:  our  trouble  at  Rensselaer 
has  been  that  the  freshman  has  failed  to  realize  in  the  grades 
or  high  school  what  percentage  is.  When  it  is  necessary  for 
him  to  reduce  constituents  of  a  chemical  compound  to  percent- 
age he  appears  as  ignorant  as  one  who  had  never  heard  of  per- 
centage. In  many  cases  he  is  like  the  man  who  said  that  he 
only  made  one  per  cent,  when  he  bought  something  for  one 
dollar  and  sold  it  for  two.  This  seems  to  be  a  general  con- 
dition and  is  probably  due  to  the  fact  that  teachers  fail  to 
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emphasize  the  real  meaning  of  sneh  things.  In  many  cases 
this  may  be  caused  by  failure  of  the  teacher  to  realize  this 
meaning.  Without  experience  on  the  part  of  the  teacher  the 
subject  can  rarely  be  made  real  to  the  pupil. 

The  work  in  geometry  is  often  such  that  the  real  value  of 
this  study  is  not  understood.  The  force  of  the  geometrical 
proof  as  a  method  of  logic  to  be  applied  in  other  places  is  not 
made  clear,  the  use  of  the  proof  in  the  solution  of  originals 
and  the  method  of  turning  to  the  text  for  references  in  new 
problems  seem  to  have  been  forgotten  by  the  teacher.  Rarely 
can  engineers  work  out  problems  in  railroad  curves,  or  vector 
analysis,  in  valve  diagrams  or  turbine  design,  in  mechanism 
or  descriptive  geometry  without  the  use  of  some  of  the  theo- 
rems or  constructions  used  in  geometry.  "What  is  more  im- 
portant students  can  rarely  pass  a  day  in  which  thej'  do  not 
apply  the  mode  of  attack  and  reasoning  gained  by  the  study 
of  geometry  in  the  solution  of  some  practical  problem. 

The  work  in  algebra  is  important  in  teaching  us  the  methods 
of  literal  calculation.  To  me,  its  importance  is  due  to  the  fact 
that  it  furnishes  us  with  tools  with  which  to  work.  The 
methods  used  in  the  reduction  of  fractions,  in  factoring,  in  the 
study  of  the  three  series,  in  quadratic  solutions,  are  all  of  value 
in  the  later  work  of  college  algebra  and  are  to  be  applied  in 
everyday  practice  in  the  solution  of  engineering  problems. 
The  great  trouble  again  seems  to  be  the  lack  of  facility  in 
handling  the  work  done.  Although  the  ground  covered  in  the 
high  school  is  not  great  thoroughness  is  lacking  after  the  com- 
pletion of  the  limited  work. 

The  question  of  cooperation  between  the  schools  and  the 
colleges  in  the  matter  of  mathematics  is  one  which  resolves 
itself  into  a  more  thorough  drill  in  the  applications  of  arith- 
metic, geometry  and  algebra  by  those  who  appreciate  and 
know  the  work  dependent  upon  these.  The  failure  to  realize 
the  meaning  of  the  mathematical  subjects  studied  appears  to 
me  to  be  the  lack  of  the  present  day  matriculates  of  our  colleges. 

The  effect  of  this  more  complete  training  on  the  pupil  who 
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does  not  go  to  college  but  who  enters  business  life  should  be 
considered.  This  class  represents  the  larger  portion  of  the 
high  school  graduates.  It  is  believed  that  this  training  pre- 
pares such  persons  for  more  successful  careers.  The  statement 
of  a  problem  to  be  proved,  the  collection  of  possible  facts  or 
theorems  to  be  used,  the  selection  of  the  correct  facts  for  the 
proof,  followed  by  the  actual  proof  can  be  used  in  daily  com- 
mercial or  industrial  life  by  the  young  graduate  from  the  high 
school.  Judgment  and  reasoning  are  the  necessary  steps  in 
the  ladder  of  success  here  as  in  engineering. 

The  work  in  English  in  the  preparatory  school  as  in  the 
engineering  college  must  be  carried  on  with  diligence  and  with 
constant  drill.  The  cooperation  hoped  for  here  is  merely  that 
which  should  exist  between  institutions  in  which  a  subject 
begun  in  one  is  continued  in  the  other.  If  the  high  school 
could  inculcate  the  desire  for  good  reading  so  that  this  habit 
were  formed  before  the  pupil  came  to  the  college  broader  work 
could  be  done  with  many  of  our  men  who  at  present  are  too 
narrow  on  completing  the  high  school  work.  Spelling  and 
penmanship  should  be  taught  more  thoroughly  with  an  ever- 
present  drill. 

The  other  language  work  of  the  schools  is  to  aid  in  the  study 
of  English  and  to  give  the  engineering  student  a  working 
knowledge  of  some  foreign  language.  That  the  language 
should  be  studied  more  completely  can  not  be  denied  but  the 
amount  is  questionable.  In  some  engineering  colleges  foreign 
language  is  being  omitted  from  the  curriculum  and  required 
for  entrance.  This  may  be  done  but  the  science  reading  for 
which  the  foreign  language  is  given  in  college  can  not  be  ac- 
complished in  the  high  school  with  much  success  because  of 
the  youth  and  inexperience  of  the  pupils.  The  reading  of 
foreign  non-scientific  literature  can  be  carried  on  in  the  pre- 
paratory schools  with  success  and  such  preparation  will  re- 
duce the  college  work,  but  the  engineering  school  should  give 
scientific  reading  for  all  men  even  though  this  be  limited  in 
amount.  The  great  need  is  to  be  able  to  scan  a  foreign  journal 
for  articles  of  interest  and  value. 
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In  the  sciences,  the  work  of  our  engineering  student  indi- 
cates that  a  more  thorough  drill  in  the  fundamentals  is  re- 
quired in  the  preparatory  school.  The  work  shows  that 
greater  intensity  rather  than  more  extent  is  needed.  The  men 
with  excellent  science  training  in  many  of  our  high  schools 
are  more  interested  in  the  later  developments  of  science  than 
in  the  "hum  drum"  elements  on  which  the  science  rests  and 
in  which  the  pupil  needs  thorough  grounding.  The  teachings 
of  these  fundamentals  is  rather  irksome  to  some  but  to  make 
a  success  of  high  school  training  the  subjects  must  be  real,  live 
things  with  which  the  pupil  experiments  and  which  are  ob- 
served each  day  by  him. 

In  some  colleges  the  science  entrance  requirement  is  not  a 
specific  science  and  all  of  their  courses  in  science  begin  with 
an  elementary  course.  In  this  way  a  certain  amount  of  time 
is  lost  for  those  students  who  repeat  the  elementary  portion 
of  the  science  which  they  have  taken  in  school.  If  this  work 
is  well  done,  and  in  some  schools  it  is,  the  engineering  college 
could  require  physics  or  chemistry  for  entrance  and  begin 
these  subjects  at  a  more  advanced  place  giving  an  elementary 
course  in  physics  or  chemistry  for  those  who  have  not  had  one 
of  them.  To  require  one  or  the  other  subject  might  prevent 
a  pupil  from  entering  an  engineering  college  if  the  required 
subjects  were  not  taken  and  at  the  time  of  graduation  from  the 
high  school  circumstances  had  changed  so  that  a  college  edu- 
cation were  possible  although  before  this  time  conditions  were 
such  that  no  such  plan  could  have  been  made. 

The  work  in  history  has  little  if  any  bearing  on  the  actual 
work  of  engineering  schools  although  it  brings  clearly  to 
mind  that  industrial  development  is  a  result  of  many  causes 
and  that  the  invention  of  one  device  may  set  free  a  whole  nest 
of  possibilities.  The  steam  engine  made  possible  modern  in- 
dustrialism, the  gas  engine  made  possible  the  automobile  and 
the  airplane.  This  training  in  history  gives  the  pupil  a 
broader  outlook  on  life.  It  fits  him  to  know  more  about  its 
development  and  its  significance.    History  aids  us  in  account- 
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ing  for  customs  and  methods  of  today  when  our  complex  life 
is  analyzed. 

The  manual  training  arts,  although  of  value  to  the  pupil 
entering  industrial  or  commercial  life,  are  not  necessary  to 
the  engineering  student  for  entrance  as  this  work  in  a  more 
philosophical  form  is  done  in  the  college.  Those  entering  the 
industries  may  use  the  high  school  manual  work  at  once  in 
shop  or  drafting-room,  those  in  commercial  life  may  utilize 
this  training  in  their  judgment  of  the  work  of  others.  For 
the  engineering  student,  manual  training  only  gives  a  more 
extended  experience  in  such  subjects,  for  in  many  cases  ad- 
vanced credit  can  not  be  given. 

From  the  above  it  is  seen  that  the  curriculum  of  the  high 
school  is  satisfactory  in  general,  the  great  trouble  being  the 
absence  of  intensive  drill  and  emphasis  of  the  underlying 
principles  of  the  subjects.  This  same  criticism  may  be  made 
against  the  college  to  some  extent.  The  great  need  of  today  is 
to  begin  the  inquisitive  line  of  thought  early  and  at  the  same 
time  to  make  the  subjects  taught  real,  giving  the  student  in- 
delible pictures  by  repetition  in  proof  and  problem.  The  gain- 
ing of  credits,  although  necessary,  is  not  the  important  thing, 
the  ability  to  reason,  to  judge,  to  act  from  the  training  is  the 
main  purpose. 

The  subject  of  entrance  requirements  to  our  engineering 
colleges  is  one  which  demands  special  mention.  We  must 
have  cooperation  here  between  the  schools  and  the  colleges. 
What  should  the  entrance  requirements  be  ?  This  question  is 
answered  in  many  ways  by  different  educators  and  different 
faculties.  The  more  advanced  the  requirement  for  entrance 
the  greater  the  amount  of  engineering  specialties  which  can 
be  given  in  our  colleges.  Are  these  specializations  necessary? 
Is  it  not  the  function  of  the  school  to  give  fundamental  train- 
ing on  which  the  specialization  is  to  be  developed  in  post- 
graduate days?  My  opinion  is  that  we  should  give  training 
in  fundamentals  which  can  be  taught  after  the  average  four 
years  high  school  course.    The  college  may  require  many  spe- 

4 


34  COOPERATION    FROM    STANDPOINT    OF    EDUCATOR. 

cial  subjects  for  entrance  but  in  doing  so  it  limits  its  use- 
fulness. The  plea  is  made  that  our  colleges  should  have  re- 
quirements so  flexible  that  the  pupil  who  has  done  good  work 
in  the  high  school  may  enter  the  college  on  graduation  even 
if  college  work  was  not  thought  of  until  after  graduation.  To 
me  the  work  of  the  high  school  should  be  such  that  the  train- 
ing in  it  would  fit  the  graduate  for  entrance  to  college,  to 
business  or  to  industry.  The  age  of  specialization  seems  to  be 
crowding  out  the  age  of  thinking.  If  it  is  necessary  to  have 
commercial  high  schools,  and  manual-training  high  schools  so 
that  the  graduates  may  be  self  supporting  immediately  upon 
graduation,  the  curriculum  of  such  schools  should  be  so  ar- 
ranged that  the  necessary  mathematics,  English,  language 
and  science  are  included  and  those  pursuing  such  courses  can 
enter  our  colleges.  With  specialized  college  entrance  re- 
quirements fixing  most  of  the  units  this  would  be  impossible. 
Unless  the  pupil  had  planned  from  the  beginning  to  do  college 
work  this  could  not  be  done  if  changed  conditions  made  col- 
lege possible.  The  engineering  school  as  constituted  today 
stands  to  receive  pupils  from  a  four-year  high  school  course 
and  our  requirements  should  be  such  that  graduates  of  any 
good  high  school  can  enter  regardless  of  the  course  they  have 
taken. 

The  junior  college  and  the  acceptance  of  its  work  is  one  of 
the  problems  which  confronts  the  engineering  schools.  The 
junior  college  is  a  development  of  the  last  thirty  years.  This 
college  may  take  one  of  many  forms.  At  times  it  is  the  name 
given  to  the  faculty  of  a  university'  giving  the  freshman  and 
sophomore  years  of  the  present  four-year  course  in  which  the 
elementary  college  mathematics,  science,  language  and  history 
are  given  and  in  which  the  work  is  preparatory  to  the  work 
of  the  university  or  the  professional  school.  The  courses  of 
these  years  are  a  continuation  of  the  high  school  work  although 
done  in  a  more  advanced  way.  The  junior  college  may  be  a 
normal  school  in  which  work  of  a  college  grade  is  offered  in 
addition  to  pedagogy.     The  small  denominational  college  has 
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been  urged  to  confine  its  work  to  the  subjects  of  the  freshman 
and  sophomore  years  on  account  of  its  limited  funds  and  to 
improve  what  is  done  so  that  credit  may  be  given  by  the  larger 
institution  which  will  then  carry  on  the  advanced  work  of  the 
student.  The  religious  instruction  aimed  at  in  these  denomi- 
national schools  can  be  cared  for  during  the  two  years  of  resi- 
dence. Lastly,  the  junior  colleges  may  be  organized  in  high 
schools  of  large  cities  where  the  additional  expense  may  be 
borne.  The  junior  colleges  are  formed  in  accordance  with 
rules  formed  by  state  laws  or  by  the  State  University.  The 
rules  fix  the  kind  of  subjects  to  be  taught  in  the  two  years, 
the  kind  of  teachers  to  be  employed,  the  amount  of  work  to 
be  done,  the  pay  of  such  teachers  and  the  kind  of  instruction 
to  be  given. 

The  reasons  for  the  formation  of  the  junior  college  are 
quite  varied.  They  have  been  formed  because  of  the  difficulty 
of  earing  for  the  large  enrollments  of  freshmen  and  sopho- 
mores in  some  universities.  .The  collegiate  preparation  for  the 
professional  schools  has  called  for  two  years  of  work  and  this 
can  oe  cared  for  by  these  colleges.  The  junior  college  in  the 
high  school  has  been  demanded  by  the  desire  for  further  edu- 
cation of  the  pupils,  in  order  to  give  vocational  and  finishing 
courses  to  those  not  intending  to  go  to  the  university,  on  ac- 
count of  the  desire  of  many  parents  to  keep  their  children  at 
or  near  home  until  more  mature,  and  lastly  for  financial  rea- 
sons. The  private  junior  college  is  usually  a  denominational 
college  which  has  realized  its  inability  to  give  more  than  two 
years  of  a  standard  college  course  with  the  equipment  and 
funds  at  its  disposal. 

These  colleges  are  here  to  stay  and  as  time  progresses  many 
of  them  will  be  established.  What  is  to  be  the  attitude  of  the 
engineering  colleges? 

The  desife  of  the  college  of  engineering  to  give  the  elemen- 
tary courses  of  the  freshman  and  sophomore  years  rests  pri- 
marily on  the  feeling  that  the  work  in  the  secondary  schools 
is  not  done  in  a  thorough  manner.    Were  thorough  work  done 
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these  courses  could  be  given  in  the  junior  college.  So  much 
depends  on  the  preliminary  work  in  mathematics,  physics  and 
chemistry  that  the  lack  of  thorough  training  handicaps  the 
student.    That  the  work  could  be  done  no  one  can  gainsay. 

The  junior  college  with  its  two  year  course  of  general  cul- 
tural subjects  combined  with  the  preparatory  course  in  mathe- 
matics, physics  and  chemistry  would  be  an  excellent  prepara- 
tion for  the  engineering  college  but  on  account  of  the  technical 
work  which  occurs  in  the  first  two  years  of  most  engineering 
curricula  the  student  trained  at  the  junior  college  can  not 
enter  the  junior  year.  These  technical  subjects  do  not  belong 
to  the  junior  college  nor  should  they  be  allowed  there.  To 
teach  them  would  be  to  limit  the  true  purpose  of  the  junior 
college.  This  means  then  that  the  graduates  of  the  junior 
college,  the  Associates  in  Arts  or  Science  as  they  are  called, 
require  three  years  to  finish  the  engineering  course  which  is 
planned  to  be  finished  in  four  years  by  graduates  of  the  high 
school.  Moreover  the  first  year  in  residence  by  the  Associates 
will  be  a  year  of  mixed  work  as  they  are  prepared  to  take 
subjects  of  the  Junior  year  of  the  college  and  must  take  some 
work  from  the  freshman  and  sophomore  years.  The  arrange- 
ment of  a  special  curriculum  for  them  would  not  be  advisable 
until  the  number  of  such  men  coming  to  our  colleges  is  greatly 
increased. 

This  brings  up  the  question  of  the  five-year  course  in  engi- 
neering in  which  the  extra  year  would  be  filled  with  subjects 
of  general  science,  literature  and  business  methods.  A  course 
in  languages,  including  English,  mathematics  including  the 
calculus,  elementary  college  chemistry,  elementary  college 
physics,  business  law  and  elementary  economics  covering  two 
years  of  a  five-year  course,  where  manner  more  than  matter 
was  the  prevailing  consideration,  would  give  an  excellent  pre- 
paration for  the  technical  and  professional  work  of  three  years 
to  follow.  It  would  also  allow  the  Associate  in  Arts  or  Science 
to  enter  the  work  with  juniors  of  the  engineering  school  and 
thus  proceed  with  men  of  the  same  high  school  class.    The  re- 
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quirement  of  training  in  certain  subjects  mathematics,  physics 
and  chemistry  should  be  the  same  for  all  graduates  of  the 
junior  college. 

Until  all  colleges  of  engineering  adopt  the  five-year  course 
this  plan  would  not  be  advisable,  but  it  may  be  that  in  the  im-  • 
mediate  years  before  us  the  junior  college  will  so  develop  that 
the  equivalent  of  the  five-year  course  will  come  of  itself  from 
the  large  number  of  associates  doing  three  years  of  work  in 
the  engineering  school.  It  does  not  seem  possible  that  the 
engineering  curriculum  can  he  changed  to  permit  less  than 
three  years  for  such  persons.  The  endeavor  should  be  made 
to  plan  these  three  years  with  the  minimum  of  change  in  the 
regular  course  to  make  a  balanced  three-years  course  which 
would  satisfy  and  attract  the  associate.  Such  associates  should 
bring  to  the  college  more  mature  minds  and  the  studies  should 
be  grasped  more  readily  and  appreciated  more  fully.  They 
would  also  bring  a  culture  to  the  profession  for  which  the  need 
is  great.  For  such  the  engineering  school  would  be  similar 
to  the  other  professional  schools  in  the  requirements  of  college 
work  for  entrance. 

The  last  consideration  is  the  cooperation  between  the  col- 
leges and  the  consumers  of  our  product:  the  industries  and 
commerce.  Not  only  do  the  engineering  graduates  go  into  the 
industries  but  there  is  a  great  demand  for  men  with  this 
training,  by  sales  departments  and  for  the  managerial  posi- 
tions of  various  organizations.  What  do  we  owe  to  those  who 
use  our  graduates? 

In  the  first  place  a  more  complete  training  in  the  applica- 
tion of  theoretical  subjects  is  needed.  Our  men  should  have 
the  theory  of  thermodynamics  but  more  particularly  they 
should  know  how  to  use  entropy  and  variable  specific  heats; 
they  should  know  that  there  is  the  theorem  of  three  moments 
but  what  is  more  important  they  should  know  how  to  use  it 
and  when  to  use  it.  In  addition  to  knowing  these  things  and 
their  application  we  should  train  them  to  think.  As  in  the 
secondary  school  I  feel  that  we  may  be  criticised  in  not  requir- 
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ing  more  thought  in  our  work.  We  are  aijxious  to  cover 
ground  and  in  our  endeavor  fof  this  we  often  diminish  the 
amount  of  thought  training.  Finally  we  should  train  judg- 
ment by  selecting  problems  in  which  this  plays  an  important 
part.  The  results  of  these  problems  should  be  discussed  be- 
fore the  class  and  in  this  way  those  deficient  in  good  judgment 
may  receive  encouragement  and  guidance. 

The  colleges  ask  the  cooperation  of  industry  and  commerce 
in  demanding  from  us  only  that  which  we  should  give  and 
are  prepared  to  give,  thinking  men  of  good  judgment  and  con- 
fidence, without  asking  for  men  prepared  for  the  special  ac- 
tivities required  in  a  particular  industry.  In  some  cases  in- 
dustry is  asking  for  special  courses  dealing  with  a  special  field. 
Such  things  are  good  as  far  as  they  go  but  in  preparing  for 
them  the  student  is  deprived  of  more  general  courses  and  the 
industry  is  getting  a  man,  assuming  he  enters  this  field,  who 
is  more  productive  in  the  first  six  months  or  a  year  but  who 
would  fall  behind  the  broadly  trained  man  after  this  introduc- 
tory period. 

Industry  and  commerce  should  realize  that  the  greatest  good 
comes  from  breadth  of  training  in  the  college  and  special 
training  during  the  first  year  or  two  in  the  industry.  My 
belief  is  well  illustrated  by  the  way  in  which  the  Westing- 
house  Company  and  other  large  electric  companies  have  estab- 
lished the  so-called  "Test  Course"  to  train  men  for  their  own 
line  of  work.  A  representative  of  the  American  Telephone 
and  Telegraph  Company  in  applying  for  men  for  their  plant 
work  stated  that  what  they  wanted  were  men  trained  to  think 
and  reason  and  that  civil  engineering  or  mechanical  engineer- 
ing graduates  would  suit  them  as  well  as  men  from  the  elec- 
trical course  if  these  were  trained  men  who  had  acquired  that 
for  which  the  college  was  instituted.  The  industries  must 
train  men  in  the  minutiae  of  their  practice.  The  college  should 
give  the  basic  things  of  all  later  engineering  work.  Our  col- 
leges differ  in  plans  of  study,  some  have  cooperative  courses, 
some  have  little  or  no  shop  work,  yet  fundamentally  all  are 
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working  to  train  students  to  apply  natural  laws  for  the  bene- 
fit of  man  and  although  their  graduates  start  with  various 
handicaps  depending  on  the  course  they  have  taken,  in  a  few 
years  these  handicaps  are  overcome  and  the  men  are  more 
nearly  on  the  same  plane;  the  thinker,  by  what  ever  college 
course  he  was  trained,  at  the  top.  If  industry  could  cooperate 
in  realizing  the  true  function  of  the  college  and  be  willing  to 
do  its  part  in  the  plan  of  fitting  men  to  its  needs  greater  things 
could  be  accomplished. 

The  thorough  training  in  the  general  work  of  engineering 
fulfils  another  requirement  of  engineering  education,  that  is 
the  preparation  of  the  student  for  any  portion  of  his  field  of 
engineering  which  may  open  to  him.  The  preparation  for  a 
particular  line  of  work  after  graduation  so  often  is  of  little 
value  because  of  the  change  in  circumstances  which  renders 
this  line  impossible  and  the  graduate  must  seek  another  field. 
A  limited  man  should  never  be  produced.  Specialization 
should  come  after  graduation.  The  thought  of  a  limited  tech. 
nieal  school  course  is  open  to  the  same  objections  which  were 
made  to  the  limited  high  school  course.  Our  men  should  be 
thoroughly  grounded  in  the  essentials  of  engineering.  You 
will  pardon  my  quotation  of  the  motto  of  Rensselaer,  ''Knowl- 
edge and  Thoroughness."  This  should  be  our  guide  in  all 
work. 

To  summarize  the  above :  cooperation  between  the  schools 
and  colleges  is  to  be  obtained  by  more  intensive  and  thorough 
work  in  the  preparatory  subjects  of  mathematics,  English  and 
the  sciences  taught  in  the  school,  and  an  acceptance  of  this 
work  by  the  colleges  so  that  the  average  high  school  can  send 
its  graduates  to  the  college  without  conditions.  This  latter 
may  mean  to  some  a  rearrangement  of  curricula  and  this 
should  be  done  so  that  graduates  from  any  department  of 
the  high  school  could  enter  the  engineering  college.  Between 
the  college  and  industry  cooperation  will  consist  in  more 
thorough  and  intense  training  by  the  college  in  general  sub- 
jects, the  industries  assuming  the  special  training  required 
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for  their  peculiar  problems.  The  preparatory'  school,  the  col- 
lege and  industry  or  commerce  should  realize  the  limitations, 
the  scope  and  the  requirements  of  the  activities  of  each  other 
in  a  broad  way  and  aid  in  accepting  these  for  their  own  guid- 
ance. 


COOPERATION  BETWEEN  EDUCATION  AND  IN- 
DUSTRY FROM  THE  VIEWPOINT  OF  THE 
MANUFACTURER. 

BY  ROY  D.  CHAPIN, 
President,  Hudson  Motor  Car  Co.,  Detroit. 

Sound  engineering  education  forms  the  firm  foundation- 
stone  of  American  industr3\  For  this  reason  I  am  more  than 
appreciative  of  the  opportunity  to  talk  before  your  organiza- 
tion about  further  cooperation  between  the  engineering  edu- 
cators and  industrial  heads. 

Wherein  can  such  cooperation  be  beneficial  to  you,  your  stu- 
dents, and  to  their  future  employers  ?  In  answering  this  ques- 
tion, first  let  us  consider  the  purpose  of  an  engineering  educa- 
tion. Primarily  it  should  train  the  mind  to  analj'ze  and 
create,  it  should  provide  the  student  with  a  means  of  earning 
a  good  livelihood,  it  should  broaden  his  contact  with  his  fellow 
man,  and  as  the  years  go  on  it  should  be  a  potent  factor  in  con- 
tributing to  the  happiness  of  his  existence. 

Complaint  has  been  made  to  me  by  engineers  who  have  been 
out  of  college  some  years  that  their  profession  does  not  receive 
the  recognition  given  to  that  of  law  or  medicine.  Their  previ- 
ous training  requires  an  unusual  amount  of  hard  work  and 
they  have  felt  the  results  obtained  have  not  justified  their  in- 
tensive preparation.  An  analysis  of  this  lack  of  recognition 
would  seem  to  indicate  that  too  many  so-called  engineers  have 
undertaken  their  profession  without  any  particular  fitness  for 
the  work.  Again,  the  actual  quality  of  the  work  of  an  engi- 
neer can  perhaps  more  easily  be  checked  up  than  that  of  a 
lawyer  or  physician.  In  other  words,  his  results  are  placed 
upon  a  dollars  and  cents  basis  and  he  is  paid  accordingly. 

41 
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The  third  fundamental  reason  would  seem  to  be  the  lack  of 
ability  on  the  part  of  many  engineers  throughout  their  career 
to  make  a  genuinely  practical  application  of  their  training. 
Too  often  they  are  not  ready  for  executive  work  when  the  op- 
portunity arrives.  Business  heads  are  also  at  fault  in  em- 
ploying too  cheap  or  inexperienced  engineers  for  big  jobs, 
then  blaming  the  profession  instead  of  themselves. 

Industry's  Kelation  to  Engineering  Education. 

Agriculture  and  industry  are  the  two  great  businesses  of 
this  country.  If  the  success  of  all  industry  is  founded  on 
sound  engineering,  then  industry  has  more  than  a  friendly  in- 
terest in  the  type  of  men  you  turn  out.  There  are  so  many 
conspicuous  examples  of  failure  of  large  and  small  businesses 
due  to  bad  engineering  that  you  should  not  have  to  prove  to 
any  executive  the  importance  of  his  engineering  department 
or  the  desirability  of  employing,  only  technical  men  of  the 
highest  quality. 

In  preparing  the  material  for  my  talk  to  you,  I  felt  that  one 
man's  ideas  could  not  adequately  cover  the  subject.  There- 
fore, I  got  in  communication  with  a  large  number  of  leaders, 
particularly  in  my  own  industry,  many  of  them  executive 
heads,  others  engineering  heads,  but  all  men  of  wide  experi- 
ence and  usually  employers  of  many  engineers.  It  so  happens 
that  the  automotive  industry  is  the  largest  in  the  United  States 
producing  a  finished  product.  It  employs  engineers  in  very 
large  numbers,  and  its  engineering  methods  can  certainly  be 
taken  as  representative.  Therefore  the  suggestions  that  I  may 
make  and  the  conclusions  drawn  are  founded  upon  a  compo- 
site of  thought  which  I  hope  may  be  of  value  to  you. 

Education  and  Industry  Insufficiently  Coordinated. 

As  we  all  know,  there  is  a  great  lack  of  coordination  in  the 
present  relation  of  technical  schools  to  industry.  Some  indus- 
tries have  been  wise  enough  to  take  advantage  of  this.  They 
have  kept  in  touch  with  many  of  your  colleges  and  have  made 
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it  easy  for  your  students  to  find  employment  in  their  organiza- 
tions. Frequently  this  has  not  been  the  hest  thing  for  the 
future  of  the  graduate.  The  ease  with  which  his  first  job  was 
gotten  has  caused  many  a  man  to  ally  himself  with  a  type'  of 
work  without  any  particular  future  and  for  which  he  found 
too  late  he  was  not  temperamentally  fitted.  Plenty  of  engi- 
neers who  held  great  promise  are  still  tied  down  to  low  salar- 
ies even  though  10  or  20  years  out  of  college.  It  seems  highly 
important  that  graduates  should  start  right,  immediately  they 
leave  their  Alma  Mater.  We  all  know  the  increase  in  re- 
sponsibility the  minute  a  man  marries,  and  the  tendency  that 
he  then  has  to  hold  to  the  work  he  is  doing  rather  than  take 
the  chance  on  a  change  which  might  permit  him  to  go  far 
ahead. 

Does  not  this  prove  two  facts?  First,  that  an  attempt 
should  be  made  to  divert  men  to  other  college  courses  who 
demonstrate  they  are  not  fitted  to  be  successful  engineers,  di- 
recting them  to  those  courses  to  which  they  seem  best  suited. 
Second,  that  you  should  give  the  student  the  training  which 
will  let  him  become  a  producer  immediately  upon  graduation 
and  along  a  line  in  which  he  knows  positively  that  he  is  fitted 
to  work. 

Suggestions  from  Industrial  Leaders. 
It  is  a  general  remark  in  industry  that  when  the  average 
technical  school  graduate  takes  his  first  job  he  is  inclined  to 
think  he  ' '  knows  it  all. ' '  He  desires  too  much  salary  for  what 
he  can  return  to  his  employer,  and  becomes  impatient  if  ad- 
vancement is  not  very  rapid.  Speaking  from  the  standpoint  of 
an  employer,  I  have  had  occasion  many  times  to  explain  to 
over-ambitious  boys  that  the  only  reason  for  raising  pay  is  be- 
cause the  employe  earns  more  than  he  is  getting,  and  that  to  ad- 
vance, an  employe  must  always  be  earning  more  than  his  pay 
check  indicates.  Some  employers  dislike  to  take  men  direct 
from  school  and  would  rather  let  some  other  factory  give  them 
their  first  training  with  the  idea  that  they  can  then  hire  them 
later.    Usually  men  just  out  of  college  are  paid  from  20  per 


44     COOPERATION    BETWEEN    EDUCATION   AND   INDUSTRY. 

cent,  to  50  per  cent,  more  if  they  have  had  summer  work 
along  the  lines  of  their  specialty  or  have  had  previous  shop 
experience. 

"Why  should  all  this  be  so? 

The  answer  seems  to  be  unanimous  that  lack  of  practical 
training  in  college  necessitates  such  training  after  leaving  col- 
lege, thereby  holding  a  graduate  back  until  he  has  secured  a 
happy  combination  of  both  theory  and  practice.  It  is  impos- 
sible to  reproduce  in  your  college  laboratories  or  shops  the 
actual  conditions  within  industry.  In  general  the  most  suc- 
cessful engineers  are  those  in  whom  there  has  been  developed 
a  commercial  instinct  which  so  guides  their  engineering  work 
that  the  results  pay  out.  We  have  had  manj-  graduates  in  our 
engineering  department  who,  fresh  from  college,  were  en- 
trusted with  occasional  attempts  on  design  work.  The  results 
from  the  new  men  have  been  far  from  satisfactor3\  Their 
designs  are  usually  commercially  impractical  showing  insuffi- 
cient regard  for  cost  of  manufacture,  length  of  time  involved 
to  bring  through  the  design,  availability  of  the  new  material 
specified,  or  the  cost  of  scrapping  the  old  materials.  An  addi- 
tional handicap  is  that  executives  are  disposed  to  prejudice  the 
results  because  they  do  not  conceive  the  new  man  to  have  a 
sound  idea  of  commercial  engineering.  Everyone  knows  that 
there  is  a  tremendous  field  to-day  in  industry  for  those  men 
who  will  assume  responsibility  and  who  are  real  executives. 
The  engineer  should  think  outside  of  his  job,  should  have  cour- 
age to  take  responsibility  and  go  ahead.  However,  to  do  this 
he  must  have  a  solid  foundation  of  well-rounded  training,  and 
it  is  the  consensus  of  opinion  that  as  yet  you  men  are  not  fur- 
nishing that  solid  foundation  for  the  average  graduate.  One 
well-known  and  successful  engineer  has  told  me  that  the  ma- 
joritj'  of  engineering  graduates  seem  to  have  acquired  the  in- 
formation imparted  to  them,  but  only  few  of  them  have  actu- 
ally learned  to  apply  that  information  in  practice.  The 
president  of  a  big  company  says: 

"The  engineer  should  have  a  sufficiently  broad  conception 
of  the  functions  of  the  finance,  sales,  and  production  depart- 


COOPERATION   BETWEEN    EDUCATION   AND   INDUSTRY.      45 

ments  and  the  relationship  between  them  and  his  own,  so  that 
he  will  have  a  sympathetic  understanding  of  their  problems 
and  difficulties." 

Another  executive  says  that 

"An  engineering  graduate  in  the  factory  is  a  liability  for 
some  time  after  his  employment." 

In  talking  with  young  engineers  six  or  eight  years  out  of 
college,  they  have  regretted  their  lack  of  practical  experi- 
ence, felt  their  progress  had  been  slowed  up,  and  several  of 
them  were  not  optimistic  over  the  future  of  strictly  engineer- 
ing work.  They  said  that  they  had  no  business  training  and 
from  an  executive  standpoint  they  were  not  confident  enough 
of  themselves.  Perhaps  the  answer  to  this  might  be  that 
they  should  have  made  it  a  point  to  secure  this  training  since 
they  left  college.  Again  the  human  equation  enters,  and  we 
deal  with  the  tendency  of  most  men  to  stick  to  what  they  call 
a  steady  job  rather  than  take  chances  on  what  you  might  term 
an  instructive  job. 

Present  Opportunities  for  Practical  Training. 

I  have  investigated  to  find  what  opportunities  are  presented 
to-day  for  undergraduates  to  secure  practical  experience  along 
their  line  of  study.  Of  course  the  summer  vacation  period  has 
offered  the  greatest  chance.  However,  the  work  done  is  usually 
without  any  particular  supervision  and  without  an  apprecia- 
tion by  the  employer  of  what  the  boy  is  heading  for.  Prop- 
erly supervised,  I  believe  that  credit  can  well  be  given  for 
certain  w^ork  done  during  summer  vacations. 

Every  executive  and  engineer  with  whom  I  have  talked  and 
corresponded  is  very  favorable  to  cooperative  engineering 
courses  between  the  colleges  and  industry.  All  of  you  are 
doubtless  familiar  with  these  courses  at  the  University  of 
Cincinnati,  University  of  Pittsburgh,  the  new  courses  at  Har- 
vard, and  the  cooperation  between  the  General  Electric  Com- 
pany and  the  Massachusetts  Institute  of  Technology.     The 
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Uuiversity  of  Detroit  has  placed  a  number  of  men  in  our  fac- 
tory and  many  other  plants  in  the  city  with  very  successful 
cooperative  results.  The  men  have  taken  a  real  interest  in 
their  work  and  the  reports  from  our  factory  favor  such  co- 
operative plan  as  producing  better  engineers.  Dr.  Hollis  God- 
frey, President  of  Drexel  Institute,  has  well  recognized  this 
need  of  cooperation  and  with  Dr.  Capen  is  heading  a  large 
movement  to  bring  about  closer  relations  between  the  colleges 
and  the  men  who  employ  their  graduates.  Dr.  Godfrey  tells 
me  he  is  meeting  with  great  success  in  his  plan  and  it  merits 
the  heartiest  of  support. 

Essentially  you  want  to  turn  out  men  who  will  reflect  the 
utmost  credit  upon  your  institution,  upon  your  ability  to 
teach,  and  upon  the  selection  of  courses  that  you  have  taught 
them.  You  want  to  produce  engineers  who  can  readily  and 
commercially  adapt  themselves  to  the  "work  they  undertake. 
Let  me  cite  an  interesting  case  to  you. 

How  One  Famous  Engineer  Would  Educate  His  Son. 

One  of  the  more  prominent  engineers  in  the  automotive  in- 
dustry is  a  graduate  of  a  leading  university  in  Europe.  Dur- 
ing his  college  course  he  spent  his  vacations  in  various  shops 
acquiring  the  practical  knowledge  of  the  theory  which  he  was 
studying.  W^hen  anyone  spoke  to  him  about  foundry  practice 
he  knew  what  it  meant.  He  had  actual  experience  with  steam 
engines,  gasoline  engines,  operation  of  machinery,  all  of  this  he 
learned  under  working  shop  conditions.  When  he  graduated 
he  planned  to  go  to  England  to  start  work.  His  father  advised 
him  to  come  to  this  country  because  of  the  greater  opportuni- 
ties. To-day  his  success  is  acknowledged  and  he  has  many 
engineers  under  him.  He  told  me  that  he  ascribed  part  of  his 
success  to  the  fact  that  coming  as  a  stranger  to  this  country  it 
became  necessary  for  him  to  study  American  shop  methods 
and  adapt  his  education  to  them.  This  fact  was  so  emphasized 
in  his  mind  that  to-day  he  feels  that  he  knows  the  practical 
side  of  his  work  far  better  than  most  Americans.     From  his 
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experience  with  American  engineering  graduates  he  emphat- 
ically feels  that  our  colleges  should  insist  upon  practical  ex- 
perience that  will  make  our  engineers  commercial  as  well  as 
technical.  I  asked  him  how  he  would  train  his  own  son  whom 
he  hopes  will  become  an  engineer?  He  said  that  after  he 
graduates  from  high  school  he  is  going  to  put  the  boy  in  a 
foundry  for  two  months,  then  in  a  general  machine  shop  for 
six  months  where  he  will  become  familiar  with  a  great  variety 
of  work,  then  for  four  months  he  will  put  him  in  a  large  plant 
where  progressive  manufacturing  is  conducted  on  a  big  scale. 
As  all  quantity  production  in  America  is  now  adopting  some- 
what similar  methods,  he  reasoned  that  this  last  experience 
would  be  useful  for  almost  any  type  of  manufacturing  in 
which  the  boy  might  eventually  be  involved.  He  felt  that  this 
year  of  shop  experience  would  quickly  demonstrate  to  his  own 
satisfaction  and  that  of  the  boy  whether  engineering  work 
would  appeal  to  him  and  whether  he  had  a  natural  fitness  for 
it.  He  would  then  put  his  boy  in  college  with  the  feeling  that 
he  had  removed  most  of  the  abstract  from  his  college  work. 
The  bo3^  would  be  able  mentally  to  apply  most  of  what  he 
learned  in  his  previous  year's  experience  in  actual  shop  prac- 
tice. This  engineer  thought  that  three  years  should  cover  the 
time  his  boy  would  be  in  school,  having  given  one  year  of  his 
previous  practical  training.  He  would  want  his  boy  to  spend 
a  certain  part  of  his  summer  vacations  in  the  shops  and  per- 
haps his  classes  might  take  various  excursions  through  indus- 
trial establishments  and  receive  an  insight  into  the  practical 
methods  employed.  This  is  the  way  that  one  brainy  man 
would  solve  the  problem  of  his  son's  technical  education. 

Application  of  Practical  Methods. 

Every  investigation  points  to  the  desirability  of  practical 
training.  If  we  are  agreed  that  this  is  so,  how  can  the  col- 
leges best  adapt  their  engineering  curricula  to  meet  the  needs 
of  the  situation.  Building  up  an  actual  working  arrange- 
ment with  various  industries  is  a  slow  process  for  any  college. 
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Some  of  you  have  such  cooperation  now  well  under  way. 
Others  are  contemplating  it.  To  those  who  have  not  effected 
such  cooperation  the  time  is  surely  here  to  make  a  survej-  of 
all  industrial  possibilities  in  your  section  and  to  interest  the 
industrial  leaders  in  your  plan.  These  leaders  are  almost 
always  desirous  of  helping  develop  education,  and  are  willing 
to  do  their  share.  Those  who  are  slow  will  be  brought  into  line 
by  the  example  of  others.  It  is  not  necessary  for  me  to  sug- 
gest the  type  of  cooperative  arrangement  to  be  worked  out  as 
some  of  your  institutions  already  have  ample  experience 
available  to  you.  Investigation  seems  to  indicate  that  those 
colleges  with  cooperative  courses  are  exceedingly  popular 
with  the  students  and  particularly  with  the  type  of  students 
who  realize  that  their  college  training  is  just  as  much  their 
business  in  life  as  their  life  work  will  be  after  graduating. 

Faculties  Might  ^YELL  Try  It  Also. 

If  this  practical  up-to-date  training  in  American  industry 
is  of  value  to  the  student,  is  it  not  equally  of  value  to  you 
who  instruct  the  students?  Should  not  you  too  go  out  from 
your  college  atmosphere  and  spend  a  certain  amount  of  time 
every  two  years  not  in  consulting  work  but  in  actual  prac- 
tical work  along  the  line  of  your  specialty?  You  would 
bring  new  thoughts  to  the  shop,  field,  or  laboratory  where 
you  spend  this  time,  and  would  take  back  to  college  with  you 
a  more  intimate  knowledge  of  just  why  some  of  your  students 
make  quick  progress  and  others  never  seem  to  reach  the  goal 
for  which  their  training  should  fit  them.  It  might  prove  in- 
convenient to  you  but  your  classes  would  surely  reflect  credit- 
ably your  outside  contact. 

Other  Complementary  Courses. 

In  addition  to  the  practical  training,  it  seems  a  general 
opinion  that  everj-  engineer  should  be  made  to  take  a  certain 
number  of  courses  in  business  administration,  thus  furnish- 
ing a  groundwork  for  later  executive   opportunities  and  a 
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truer  aspect  as  to  what  is  commercial  engineering.  Everyone 
with  whom  I  have  talked  thought  this  of  primary  importance. 
You  can  confer  a  favor  too  upon  literary  students  by  offer- 
ing those  students  who  are  going  into  industry  an  opportunity 
by  virtue  of  short  courses  in  the  engineering  department,  to 
learn  how  to  read  a  blueprint,  and  at  the  same  time  get  some 
conception  of  what  part  engineering  plays  in  all  industry. 
My  college  experience  was  confined  to  literary  work  with 
optional  courses  in  law.  Actually  a  better  conception  of 
engineering  on  my  part  would  have  made  my  first  years  out 
of  college  much  easier  in  an  industry  where  engineering  plays 
such  an  important  part.  However,  a  knowledge  of  the  laws 
pertaining  to  patents  and  contracts  is  valuable  to  all  business 
men  and  particularly  to  the  engineering  profession. 

Highway  and  Automotive  Engineering  Openings. 

Automotive  engineering  is  now  so  ramified  and  calls  for  so 
many  men  that  I  am  sure  your  institutions  will  do  well  to 
keenly  study  its  future.  Outside  of  mechanical,  chemical, 
electrical  and  metallurgical  engineering  are  now  the  newer 
great  developments  coming  in  highway,  traffic  transport,  and 
safety  engineering.  Incidentally  automotive  engineers  should 
always  have  some  training  in  highway  engineering  that  they 
may  appreciate  the  relation  between  their  product  and  the 
roadbed  it  traverses.  Enormous  appropriations  are  being 
made  for  highway  construction  in  this  country  and  at  a  con- 
ference in  Washington  this  spring  called  by  Dr.  Claxton,  of 
the  Bureau  of  Education,  it  was  quite  apparent  that  the 
demand  for  highway  engineers  as  well  as  highway  transport 
engineers  is  already  far  in  excess  of  the  facilities  of  the  col- 
leges of  the  country  to  turn  them  out.  I  am  sure  that  the 
automotive  industry  will  gladly  cooperate  in  any  of  your 
plans  looking  to  specialization  in  automotive  subjects. 

Two  Ideas  Kegarding  Eese^vrch  Work. 

One  other  point  that  seems  to  be  of  interest  to  the  men  with 
whom  I  have  talked.     They  feel  that  great  results  can  be 
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accomplished  in  your  research  work  and  methods.  Perhaps 
quotations  from  some  of  them  will  interest  you.  A  well- 
known  engineer  says: 

"I  am  strongly  in  favor  of  a  certain  kind  of  research  for 
seniors — a  sort  of  easy  research  with  practical  application  that 
will  not  present  problems  so  hard  as  to  discourage  the  man 
who  is  working  on  them,  and  yet  difficult  enough  to  give  him 
a  sense  of  accomplishment  in  overcoming  the  obstacles  that 
arise,  and  different  enough  from  his  ordinary  work  to  catch 
his  interest  at  a  time  when  a  good  many  men  begin  to  go  stale. 
Research  work  of  a  different  type,  more  difficult,  and  perhaps 
more  theoretical  in  nature  is  justified  in  postgraduate  courses 
and  as  subjects  for  faculties  to  work  on.  Such  work  increases 
the  prestige  of  the  school,  and  extends  the  fund  of  basic  knowl- 
edge on  which  all  our  practical  commercial  structures  rest. 
At  the  same  time,  the  men  in  charge  of  all  the  engineering 
coui*ses  should  have  enough  practical  experience  to  know  what 
are  the  desirable  factors  to  make  prominent  in  the  minds  of 
their  men  in  order  to  build  up  the  habit  of  thought  and  a 
perspective  that  will  increase  the  chance  for  each  student 
becoming  a  real  success." 

One  executive  says: 

"I  believe  that  research  conducted  by  the  higher  schools  of 
learning  is  often  lost  to  the  commercial  world  because  of  the 
fact  that  the  investigators  do  not  have  the  commercial  instinct 
nor  do  they  always  realize  the  value  of  the  various  results 
which  they  obtain  when  practically  applied." 

Another  suggested  that  engineering  colleges  should  have 
the  opportunity  of  comparing  their  research  results  with  those 
of  the  industrial  laboratories  to  the  benefit  of  both.  He 
thought  that  the  Bureau  of  Standards  or  the  National  Re- 
search Council  might  well  coordinate  research  reports  from  all 
technical  colleges,  thus  preventing  too  much  duplication,  and 
at  the  same  time  encourage  efforts  in  needed  directions. 

In  conclusion  it  seems  quite  apparent  that  more  practical 
training  must  be  given  as  part  of  the  engineering  courses  and 
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that  it  is  most  desirable  that  the  professors  and  instructors 
should  actually  know  by  personal  experience  what  this  prac- 
tical training  constitutes.  America  is  entering  a  period  of 
euoraious  industrial  expansion  and  with  her  rapidly  grow- 
ing export  trade  our  engineering  methods  are  fast  coming  in 
competition  with  those  of  the  European  engineers.  It  is 
your  natural  desire  to  lead  the  world,  and  this  is  best  ex- 
pressed in  the  quality  of  work  turned  out  by  the  men  you 
graduate.  Give  these  men  during  their  college  course  a  more 
practical  insight  into  the  everyday  problems  they  will  en- 
counter after  graduation,  even  though  it  takes  you  some 
years  to  build  up  the  practical  contacts  necessary.  Thus  you 
will  secure  for  your  graduates  the  respect  and  admiration  of 
those  who  employ  them  and  the  same  respect  and  admiration 
for  your  recognition  of  their  problems. 


A  PLAN  FOR  COOPERATION  BETWEEN  THE  COL- 
LEGES AND  INDUSTRY. 

BY  S.  P.  CAPEX, 
American  Council  on  Education,  Washington,  D.  C. 

Ladies,  and  gentlemen,  I  did  not  have  the  good  fortune  to 
see  a  program  before  arriving  at  this  meeting,  and  I  was  not 
exactly  certain  what  it  was  I  was  to  talk  about.  I  understand 
I  am  to  present  to  you,  and  it  will  be  very  briefly,  an  outline 
of  the  plan  for  general  cooperation  between  industry  and  the 
colleges,  which  was  fii'^t  formally  discussed  at  the  meeting 
of  the  Technology  Clubs  Associated,  in  Philadelphia.  March 
26.  The  same  purpose  underlies  the  plan  which  has  animated 
various  individuals  and  groups  and  institutions  for  the  last 
three  or  four  years,  namely,  the  desire  to  take  some  kind  of 
measures  which  would  look  toward  remedying  the  appalling 
shortage  which  now  exists  in  the  supply  of  highly  trained 
technical  men.  This  association,  through  the  work  of  indi- 
viduals, and  through  the  work  of  its  committees,  has  been  to 
the  fore  in  this  movement.  The  plan  I  am  to  discuss  repre- 
sents merely  an  attempt  to  extend  the  movement  and  to  bring 
about  concerted  action  between  the  principal  institutions  of 
the  country  and  industrial  concerns  located  in  the  vicinity  of 
each'. 

The  plan  has  had  a  long  period  of  incubation.  A  great 
many  persons  have  been  associated  in  it  first  and  last,  but.  as 
your  president  has  suggested,  the  stimulus  was  applied  by 
President  Godfrey,  of  Drexel  Institute,  and  I  presume  he 
is  more  responsible  for  it  than  any  one  else.  Before  I  begin 
to  discuss  the  details  of  it,  I  might  briefly  remind  you  of  cer- 
tain facts  which  justify  any  reasonable  effort  to  bring  about 
closer  relations  between  the  colleges  and.  industry. 

52 
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There  never  was  a  period  when  the  supply  of  trained  men 
was  as  short  as  it  is  now.  We  had  some  experience  with  a 
threatened  shortage  during  the  war.  A  number  of  you  gentle- 
men were  engaged  in  the  investigations  made  at  that  time 
with  a  view  preventing  a  shortage.  We  all  feared  that  the 
country  would  lack  expert  personnel  to  carry  on  the  war  en- 
terprises. We  fortunately  escaped  a  famine  during  the  war, 
but  we  are  evidently  in  the  midst  of  a  famine  now.  There  are 
evidently  several  factors  that  condition  it.  In  the  first  place, 
a  great  many  men  who  were  trained  technically,  were  either 
killed  or  wounded  in  the  war,  or  else,  because  of  their  experi- 
ence in  war  operations,  have  changed  their  jobs  and  have 
been  lost  to  productive  enterprises.  As  you  know,  also,  there 
has  been  an  almost  complete  stoppage  of  immigration  during 
the  last  five  years.  The  majority  of  the  persons  this  country 
secured  through  immigration  was  not  of  the  type  I  refer  to, 
but  there  was  still  a  considerable  number  of  men  competent 
to  occupy  more  or  less  responsible  positions,  who  came  here 
as  immigrants.  That  supply  has  stopped.  And  the  supply 
of  trained  material  that  was  coming  annually  from  the  col- 
leges up  to  the  year  1915  has  been  suddenly  cut  in  half.  The 
drop  in  the  output  of  the  colleges  has  been  anywhere  from 
forty  to  fifty  per  cent.  At  the  same  time  the  demands  upon 
American  facilities  for  production  are  greater  than  they  ever 
were  before.  There  is  a  larger  domestic  demand,  and  evi- 
dently the  foreign  demand  is  not  only  greater  at  present,  but 
is  likely  to  be  increasingly  greater  as  time  goes  on.  Hence 
we  have  to  meet  a  situation  in  production  which  calls  for  the 
most  intense  effort  and  we  face  it  with  a  reduced  staff. 

Figures  were  presented  at  the  conference  in  Philadelphia  to 
indicate  that  the  shortage  was  most  acute  in  men  who  oc- 
cupied managerial  and  executive  positions.  Naturally  the 
shortage  at  that  point  is  most  seriously  felt  because  without 
the  skilled  managerial  officer,  the  operatives  count  for  less. 

Also  it  was  brought  out  that  industrial  management  is 
gradually  becoming  a  special  profession.  The  training  for  it 
thus  far  has  been  very  largely  empirical,  but  it  may  be  sys- 
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temized  and  through  cooperative  action  between  colleges  and 
industry,  the  time  occupied  in  producing  a  person  skilled  in 
the  various  phases  of  management  may  be  shortened. 

Now,  it  was  the  immediate  purpose  of  the  plan  that  was 
endorsed  by  that  meeting  to  bring  these  facts  to  the  attention 
of  the  colleges  generally,  and  to  devise,  if  possible,  a  method 
to  assist  institutions,  each  one  in  its  own  locality,  to  cooperate 
with  industrial  undertakings  in  the  most  effective  way.  The 
problem  evidently  has  both  national  and  local  aspects.  The 
conference  was  primarily  concerned  with  the  national  aspects 
of  it. 

Each  large  industry,  I  am  told,  has  already  organized  or 
may  easily  organize  within  itself  a  committee  or  a  group  or 
an  office  or  a  bureau  which  studies  the  needs  of  the  industry 
and  is  able  to  specify  the  number  of  trained  men  who  may 
be  needed  in  various  types  of  positions  through  a  period  of 
years,  and  which  is  able  also  to  define  the  kinds  of  jobs  that 
various  men  in  executive  positions  will  have  to  perform. 
There  were  present  at  the  conference  in  Philadelphia  repre- 
sentatives of  several  industries  which  alreadj'  had  organiza- 
tions of  this  kind.  I  recall,  for  example,  that  the  representa- 
tive of  the  paper  industry  said  it  would  be  possible  for  that 
industry  to  give  a  very  accurate  figure  of  the  needs  for  the 
next  five  years  in  men  to  occupy  executive  positions. 

The  fundamental  features  of  the  training  for  different  in- 
dustries are  evidently  similar.  Viewing  the  problem,  there-' 
fore,  from  the  national  point  of  view,  as  a  national  under- 
taking, there  appear  to  be  three  things  that  are  particularly 
desirable.  The  first  is  that  each  large  industry  shall  consider 
its  training  problems  with  reference  to  the  industry  as  a 
whole,  and  not  exclusively  with  reference  to  the  needs  of  a 
particular  industrial  plant.  A  few  industries,  as  I  have  just 
stated,  are  already  doing  that.  In  the  second  place,  it  was 
judged  by  the  conference  to  be  desirable  that  each  industry 
should  realize  the  educational  and  training  needs  of  other 
industries.  And,  thirdly,  those  who  are  concerned  with  the 
preparation  of  training  programs  for  the  industries  should 
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have  constant  contacts  with  the  technical  schools  and  with 
other  types  of  colleges,  in  order  that  the  colleges  and  the  in- 
dustries together  may  determine  their  respective  parts  of  a 
systematic  course  of  training. 

A  phrase  was  used  at  that  meeting,  which  I  confess  was 
new  to  me  and  at  first  not  clear ;  very  likely  to  this  company 
it  is  perfectly  clear, — the  phrase  "  joint  specification  of  the 
educational  product."  As  it  was  interpreted  in  the  course 
of  the  discussion,  it  meant  that  the  schools  and  industry 
should  have  constant  consultation  with  each  other,  industry 
specifying  what  it  needed,  what  it  believed  it  could  itself  fur- 
nish in  the  way  of  training,  and  the  schools,  on  the  other  hand, 
specifying  what  they  thought  they  could  put  into  a  joint 
training  program.  These  conclusions  that  I  have  just  cited 
emerged  from  the  discussion  of  the  conference,  and  from  the 
meetings  of  the  committee  which  preceded  the  formal  con- 
ference session.  They  determined  the  form  of  the  plan  that 
was  proposed. 

Very  briefly  the  plan  is  this :  It  provides  machinery  for  the 
study  of  the  educational  needs  of  industry,  and  for  periodic 
consultations  between  the  representatives  of  industries  and 
representatives  of  educational  institutions.  The  conference 
believed  that  there  already  existed  an  organization  which  rep- 
resented different  types  of  educational  interests,  the  American 
Council  of  Education,  of  which  this  association  is  a  member, 
and  of  which  I  happen  just  now  to  be  director.  There  was 
some  discussion  as  to  whether  it  was  appropriate  that  the 
coordinating  body  should  be  this  society,  the  Society  for  the 
Promotion  of  Engineering  Education.  I  judge  that  the 
reason  for  the  decision  not  to  ask  this  society  to  furnish  the 
cooperating  group  was  because  it  was  hoped  to  draw  into  the 
scheme  a  large  number  of  arts,  colleges  and  other  types  of 
institutions,  not  primarily  technical.  The  industrial  repre- 
sentatives who  were  present,  very  much  to  my  surprise,  stated 
that  they  expected  that  they  could  use  the  art  college  gradu- 
ates quite  as  freely  as  technical  graduates,  and  that  coopera- 
tive plans  which  involved  the  joint  contribution  of  arts  col- 
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leges  and  industries  should  be  worked  out.  The  American 
Council  on  Education  contains,  as  I  said  a  moment  ago,  the 
representatives  of  various  kinds  of  educational  institutions, 
and  it  was  felt  that  the  Council  could  best  act  for  the  edu- 
cational interests  in  this  matter.  The  Council  was  asked  to 
cooperate. 

No  similar  organization  exists  in  industry.  Perhaps  none 
ever  could  exist.  There  were  at  this  conference,  I  think, 
some  twelve  different  industries  represented,  large  industries, 
like  the  paper  industry,  the  boot  and  shoe  industry',  paints 
and  oils,  railroads,  and  so  on.  It  was  proposed,  therefore, 
that  as  a  first  step,  each  one  of  these  industries  should  by 
action  of  its  central  body,  appoint  a  delegate  to  a  central 
industrial  council  which  would  roughly  correspond  in  or- 
ganization to  the  American  Council  on  Education.  I  think 
that  the  title  that  was  suggested  for  this  council  was  the 
Council  on  the  Management  of  Education.  The  functions  of 
that  Council  would  be,  as  far  as  was  foreseen,  three :  First, 
to  determine  the  needs  of  industry  for  men  of  the  manage- 
ment type,  second,  to  define  the  kinds  of  jobs  which  they 
would  be  called  upon  to  perform,  and  third,  to  develop  op- 
portunities locally  for  cooperation  between  industry  and  the 
colleges. 

It  was  decided  that  when  this  Council  on  Management  Edu- 
cation should  be  established,  there  should  be  appointed  a  small 
joint  committee  consisting  of  five  representatives  of  the 
Council  on  Management  Education  and  five  from  the  Ameri- 
can Council  on  Education,  which  should  perform  the  follow- 
ing tasks :  First,  the  Committees  to  define  for  the  use  of  the 
industries  and  of  the  Council  on  Management  Education,  the 
kinds  of  specifications  of  product  that  are  useable  and  in- 
telligible to  educational  institutions,  that  fit  into  a  college 
organization.  It  was  reported  that  many  of  the  demands 
that  are  made  by  industry  for  training  are  unpractical  be- 
cause they  apparently  take  no  cognizance  of  the  kind  of  or- 
ganization which  exists  in  a  university  or  college,  and  of  the 
limitations  imposed  by  the  basic  purpose  of  academic  institu- 
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tions.  Secondly,  this  joint  committee  is  to  review  the  speci- 
fications submitted  by  industry,  and  criticize  them.  Thirdly, 
it  is  to  circulate  them  with  comment  among  the  different 
types  of  educational  institutions. 

The  Council  on  Management  Education  is  in  the  throes  of 
organization,  I  understand.  Some  eight  large  industries  have 
already  appointed  their  delegates  to  it.  It  is  an  operation 
that  takes  time.  The  industries  have  to  be  approached  at 
the  time  of  the  meetings  of  their  central  bodies.  I  believe 
that  none  that  has  been  approached  thus  far  has  refused  to 
join.  The  Council  Management  Education  will  be  ready 
shortly  to  start  operations. 

The  American  Council  on  Education  felt  that  this  was  an 
undertaking  in  which  the  engineering  schools  and  this  so- 
ciety were  primarily  interested.  It  has  already  appointed  its 
committee  of  five  to  serve  cooperatively  with  the  industrial 
committee.  You  may  recall  that  you,  as  an  association,  have 
three  representatives  in  the  American  Council  on  Education. 
We  have  taken  the  two  of  these  who  happen  to  live  within 
more  or  less  easy  reach  of  New  York  and  "Washington  as 
members  of  this  committee  of  five.  The  two  are  Dean  Bishop 
and  Dr.  Mann ;  Dean  Bishop  is  Chairman  of  the  Committee. 
The  other  members  are  the  president  of  the  Association  of 
American  Colleges,  President  Ferry,  of  Hamilton  College, 
and  one  of  the  representatives  in  the  American  Council  of  the 
Association  of  Urban  Universities,  President  Kolbe  of  the 
University  of  Akron.  The  fifth  member  is  myself,  not  be- 
cause it  was  judged  that  I  had  any  particular  fitness  for  the 
task,  but  because  under  the  constitution  of  the  Council  the 
Director  has  to  be  on  all  committees. 

Xow.  there  are  one  or  two  general  observations  which  I 
might  make  in  conclusion.  The  first  is  that  this  plan  is  still 
tentative.  A  great  many  people  have  already  been  consulted 
about  it.  But  criticism  is  stiU  welcomed.  The  plan  em- 
bodies the  well  tried  principle  which  many  of  you  are  oper- 
ating on  already,  the  principle  of  cooperation  between  an  in- 
stitution and  industry,  and,  as  I  said  in  the  beginning,  the 
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only  desire  of  its  promoters  is  to  spread  the  principle  still 
further  and  to  use  it  to  meet  larger  national  emergencies.  It 
is  not  intended  to  supplant  anything  that  already  exists,  but 
to  enlarge  and  enforce  a  well  established  movement. 

I  am  sorry,  gentlemen,  that  I  did  not  have  time  to  pro- 
pare  a  formal  paper  for  you.  I  hope  you  will  excuse  the 
somewhat  disheveled  character  of  these  brief  remarks. 

Discussion. 

John  Airey:  Mr.  President,  ladies  and  gentlemen:  We  have 
listened  to  a  very  interesting  paper  on  the  necessity  for 
cooperation  between  engineering  education  and  industry.  In 
fact,  it  seems  to  me  that  the  joint  authorship  is  a  good  ex- 
ample of  that  cooperation,  on  the  one  hand  we  have  a  leader 
in  industry,  and  on  the  other  hand  a  leader  in  education.  In 
the  large  field  of  engineering  education,  I  doubt  if  there  is 
any  topic  quite  so  important  as  cooperation  with  the  indus- 
tries, because  the  existence  of  our  engineering  colleges  has 
actually  been  caused  by  industrial  requirements  interpreted 
in  the  broadest  sense. 

We  need  cooperation  primarily  for  two  reasons,  first,  in 
order  to  insure  that  our  continuous  stream  of  graduates  is 
directed  in  those  channels  in  which  the}'  will  be  most  efficient, 
that  is,  from  the  standpoint  of  national  economy.  Secondly, 
we  need  cooperation  in  order  to  insure  that  we,  in  the  edu- 
cational institutions,  keep  sufficiently  in  touch  with  the  prob- 
lems of  industry,  problems  of  a  type  which  industry  cannot 
be  expected  to  solve  for  itself. 

I  would  like  to  draw  attention  to  one  example  where  I 
think  cooperation  is  distinctly  lacking.  Over  a  period  of 
years  in  munition  work,  one  thought  constantly  recurred  to 
me  until  it  became  a  conviction.  This  thought  is  that  the 
almost  entire  absence  of  college  graduates  in  the  strictly  pro- 
duction departments  of  our  manufacturing  establishments 
is  distinctly  to  be  blamed  upon  our  system  of  education. 

In   the   "engineering  department"   which    concerns   itsolf 
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merely  with  the  design  of  the  article  to  be  produced,  we  find 
college  graduates  fairly  plentiful,  but  in  the  strictly  produc- 
tion departments,  they  are  almost  none  existent.  I  have  no- 
ticed this  commented  upon  by  a  good  many  people.  Now, 
what  are  the  reasons  1  I  can  think  of  three :  First,  our  cur- 
riculum at  present  is  too  intensely  technical,  and  we  have  too 
little  economics.  Secondly,  if  we  had  addresses  on  orienta- 
tion to  upper  class  men,  I  think  considerable  change  might 
be  effected.  The  average  graduate  does  not  realize  the  pos- 
sibilities in  production.  If  he  were  offered  a  job  as  assistant 
foreman  at  an  hourly  rate,  the  chances  are  nineteen  out  of 
twenty,  he  would  refuse  it,  although  he  would  have  greater 
opportunity  ahead  of  him  than  in  the  strictly  engineering 
department.  If  we  had  a  few  addresses  given  by  representa- 
tives of  industry  as  an  aid  to  orientation  I  think  considerable 
change  could  be  effected.  At  least,  it  is  likely,  if  the  real 
facts  regarding  scope  and  possibilities  of  advancement  in 
strictly  production  work  could  be  got  clearly  before  students 
that  a  large  share  of  our  graduate  students  would  be  diverted 
into  strictly  production  lines.  If  we  are  to  keep  a  reasonable 
balance  at  least  one  third  of  our  graduating  classes  should 
now  be  going  into  production  and  side-stepping  the  more  re- 
stricted so-called  engineering  department. 

A  third  reason  why  a  student  does  not  take  to  production 
lines  is  our  inadequate  shop  work  curriculum.  Mass  pro- 
duction has  developed  roughly  in  this  last  quarter  of  a  cen- 
tury. The  shop  work  in  our  universities  is  almost  every- 
where still  on  the  old  basis  of  teaching  those  principles  needed 
in  the  making  of  things  in  twenty-fives,  or  hundreds,  whereas 
in  mass  production  the  methods  and  conditions  are  entirely 
different  and  call  for  entirely  different  ideas,  different  sys- 
tems, different  methods  of  organization  and  so  forth.  Now,, 
if  our  college  shops  were  changed  so  as  to  make  them  into 
laboratories  for  production,  by  so  doing,  the  student  would 
realize  that  the  production  department  has  scope  in  it  which 
he  otherwise  would  not  recognize  from  his  too  technical  view- 
point.    I  might  say,  in  this  connection  the  Board  of  Regents 
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of  the  Universit}'  of  Michigan  has  permitted  us  to  begin  the 
manufacture  of  a  small  article  for  which  we  have  a  market 
to  the  extent  of  four  hundred  per  day.  That  means  a  real 
mass  production  proposition,  and  we  can  make  the  shops  into 
a  production  laboratory.  Further,  we  can  invite  the  Eco- 
nomics Department  to  use  our  shops  as  a  laboratory  in  con- 
nection with  their  courses  in  organization  and  accounting. 
By  so  doing,  it  is  my  belief  that  a  good  many  of  our  stu- 
dents, who  otherwise  would  feel  that  to  go  into  production 
would  be  infra  dig  would  find  their  future  outlook  consider- 
ably changed  by  it.  We  probably  all  realize  that  some  grad- 
uates after  having  been  out  several  years  in  the  so-called  en- 
gineering department  drift  into  production,  but  we  should 
not  let  them  wait  four  or  five  years.  I  think  I  see  signs  of 
changes  all  over  the  country*  in  this  direction,  and  doubtlessly 
in  another  five  years  this  condition  will  be  much  more  ap- 
parent. 

To  come  to  the  second  subdivision,  that  is,  research,  the 
same  criticism  holds  good.  In  the  strictly  engineering  de- 
partment,— I  am  using  the  term  "engineering"'  in  the  nar- 
row factory  sense  of  designing;  the  use  of  the  term  is  really 
open  to  criticism:  we  engineers  would  like  to  think  of  en- 
gineering as  something  broader  than  mere  designing,  but  in 
every  factory  the  term  is  so  used.  In  the  strictly  engineering 
lines,  no  matter  whether  it  is  steam  engine,  turbine,  gas  en- 
gine, or  even  gas  turbine,  considerable  research  has  been  done 
and  is  being  done  at  present.  Turn  to  the  shop  processes 
which  we  meet  in  production  and  see  how  they  stand  from 
a  research  standpoint.  It  is  true  the  fundamental  action  of 
the  lathe  has  been  fairly  well  covered.  The  milling  cutter 
industrj'  in  this  country  is  at  least  something  like  twenty-five 
.to  thirty  million  dollars  per  year.  Milling  cutters  today  are 
being  made  according  to  a  design  strongly  influenced  by  a 
tradition  because  they  happened  to  have  originated  centuries 
ago  as  a  rotary  file  involving  a  scraping  rather  than  a  true 
cutting  action.     That  condition  exists  because  of  a  lack  of 
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cooperation   between    our   educational   institutions    and    our 
machine  shops.    That  example  could  be  multiplied  many  fold. 

There  is  just  one  other  example  I  would  like  to  draw  at- 
tention to.  In  the  machine  shop  there  is  probably  no  topic 
looked  upon  as  so  essentially  empirical  as  that  of  machining 
tolerances.  Every  manufacturer  knows  the  importance  of 
machining  tolerance  and  their  ability  to  make  or  break  a  con- 
tract. Up  to  two  or  three  years  ago  nearly  everybody  be- 
lieved this  subject  to  be  wholly  empirical.  Now,  I  am  con- 
vinced, and  I  think  some  other  people  have  the  same  idea, 
that  the  whole  question  of  machine  shop  tolerance  can  be  put 
on  absolutely  rational  basis.  It  is  connected  up  with  rather 
difficult  mathematics.  I  suggest  to  our  mathematical  mem- 
bers that  there  is  enough  work  in  this  line  of  research  to  keep 
them  all  busy  for  the  next  five  years.  Furthermore,  it  is  im- 
possible to  calculate  the  benefits  from  a  standpoint  of  national 
economy ;  it  would  have  to  be  measured  in  tens  of  millions  of 
dollars  every  year.  If  the  mathematical  theory  of  probability 
were  taken  as  a  basis,  I  think  a  most  enduring  and  valuable 
structure  could  be  built.  It  would,  however,  call  for  first- 
team  work  between  shop  engineers  and  mathematicians. 

Lastly,  on  the  question  of  cooperation,  how  often  do  we 
hear  the  remark,  "It  is  all  right  in  theory,  but  in  won't  do 
in  practice."  That  really  is  a  reflection  on  cooperation.  If 
it  is  all  right  in  practice,  it  is  all  right  in  theory.  Eventually 
when  Utopia  arrives  and  we  shall  have  perfect  cooperation 
presumably  this  statement  will  never  be  heard.  A  step  to- 
ward this  condition  has  been  made,  let  us  hope,  by  the  papers 
of  Mr.  Chapiu  and  Dr.  Capen.  I  think  that  one  of  the  most 
valuable  pieces  of  work  can  be  done  by  this  society  is  to  en- 
deavor to  build  a  a  good  sound  bridge,  and  yet  sufficiently 
flexible,  between  our  educational  institutions  and  the  indus- 
tries. 

E.  A.  Fessenden:  At  the  Pennsylvania  State  College  we 
have  realized  the  importance  of  proper  cooperation  and 
coordination  with  the  industries  and  we  have  also  realized 
the   difficulties   that   operate   against   institutions    located   in 
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rural  communities  in  securing  this  cooperation  and  coordina- 
tion. In  an  attempt  to  solve  some  of  the  problems  involved 
in  a  location  where  '* close-up"  cooperation,  alternating  week 
or  month  plans,  etc.,  are  entirely  impracticable  we  recently 
invited  a  conference  of  representatives  from  a  number  of  in- 
dustries who  are  in  the  habit  of  employing  our  graduates,  to 
meet  with  our  own  faculty  heads  to  discuss  the  question  of 
how  we.  as  an  individual  institution,  could  best  tie  in  with 
typical  industries.  The  number  of  men  engaged  in  this  con- 
ference was  kept  small,  and  as  a  result  we  were  able  to  get 
into  close,  individual  touch  with  each  other.  "VTe  invited  these 
men  to  look  us  over,  examine  our  equipment  and  buildings, 
ask  us  questions  and  criticize  us  freely,  and  to  tell  us  frankly 
ways  in  which  they  thought  we  might  improve  our  methods 
and  our  product.  They  did  so.  quite  freely  in  many  instances, 
though  they  did  not  criticize  nearly  so  severely  as  we  expected 
they  might. 

One  of  the  points  brought  out  early  in  this  conference  was 
that  engineering  education  has  gotten  away  from  academic 
educational  ideals  and  that,  most  engineering  education  today 
is  really  a  high  type  of  vocational  training.  The  boy  comes 
to  the  engineering  school  in  order  later  to  be  able  to  fill  a 
certain  kind  of  a  job.  In  general,  his  advance  ideas  as  to 
the  requirements  for  that  job  are  extremely  haz^-,  but  not- 
withstanding this,  attempts  at  vocational  guidance,  at  least 
in  our  experience,  are  not  very  successful.  As  an  example, 
may  I  recount  our  experience  last  fall  ?  Every  freshman  en- 
tering the  School  of  Engineering  was  interviewed  by  at  least 
one  of  a  group  of  men  who  were  supposed  to  be  able  to  ferret 
out  some  of  his  peculiarities  and  to  guide  him  in  a  broad  way 
into  the  work  for  which  he  seemed  best  adapted.  "We  did 
this  in  a  mea.sure  as  self-protection,  because  the  School  of  En- 
gineering was  becoming  crowded  and  there  were  more  appli- 
cants than  we  could  properly  accommodate.  I  interviewed 
about  ninety  freshmen  in  mechanical  engineering:  as  I  recall 
it.  I  advised  about  twenty-five  per  cent,  of  these  boys  to  try 
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something  else.  Of  those  so  advised  I  have  yet  to  hear  of  one 
acting  upon  the  advice. 

Some  of  the  topics  discussed  at  this  little  conference  might 
interest  this  body.  In  our  rural  location  we  must  depend 
upon  summer  work  for  actual  contact  of  the  student  with 
industry.  Our  requirements  for  graduation  make  it  neces- 
sary that  every  student  receiving  an  engineering  degree  must 
do  a  certain  amount  of  work  of  an  engineering  character 
during  his  college  course.  This  work  is  done  during  the  sum- 
mer vacation  and  the  requirements  are  such  that  more  than 
one  summer's  employment  is  necessary.  In  general,  it  is 
somewhat  difficult  for  these  boys  to  secure  employment,  for 
the  summer  only,  which  will  give  them  really  good  experi- 
ence. We  asked  the  industrial  representative  whether  some- 
thing could  not  be  done  to  organize  the  summer  work  much 
more  efficiently  and  thus  make  it  more  valuable  to  the  student. 
They  agreed  to  take  up  the  question  seriously  in  an  effort 
to  meet  the  point  named.  The  difficulty  is,  obviously,  the 
cost  to  the  industries  of  handling  a  large  influx  of  transient 
and  green  labor.  Suggestions  to  permit  summer  work  done 
during  the  college  course  to  be  credited  as  a  part  of  the  time 
required  in  the  special  apprenticeship  courses  maintained 
by  a  number  of  the  larger  industries  were  well  received.  A 
very  liberal  attitude  was  held  by  several  of  the  men,  expressed 
in  about  these  words  by  one  of  them,  "In  my  industry,  we  do 
not  care  if  we  do  spend  a  dollar  in  training  a  boy  one  sum- 
mer and  fail  to  get  it  back  because  the  boy  does  not  like  our 
work  and  leaves  us  to  go  into  some  other  industry  the  next 
summer  or  at  the  close  of  his  college  course  so  that  the  other 
industry  reaps  the  returns  from  our  dollar.  Some  other  in- 
dustry will  spend  a  dollar  on  another  boy  who  will  ultimately 
come  to  us  so  that  we  receive  the  return  on  their  investment 
in  that  boy.    These  will  all  balance  up  in  the  end." 

The  question  of  the  proper  summer  employment  for 
teachers  of  engineering  is  being  seriously  considered  by  a 
number  of  the  labor  industries.  In  too  many  cases,  summer 
work  for  teachers  is  routine  drudgery,  poorly  paid,  with  little 


64  DISCUSSION. 

responsibility  and  little  value  as  experience.  It  is  definitely 
realized  that  a  very  large  opportunity  is  presented  here  if 
the  work  is  made  interesting  and  attractive  and  of  real  value 
as  education  and  experience  to  the  teacher.  The  value  of  the 
industries  is  both  direct  and  indirect  if  the  work  is  properly 
chosen,  as  for  example,  investigations  and  computations  con- 
nected with  development  work  where  the  special  standards 
of  the  routine  work  of  the  organization  are  not  continually 
involved.  The  industrial  representatives  at  our  conference 
agreed  that  much  of  real  value  both  to  the  industries  and  to 
the  institutions  could  be  secured  by  the  proper  use  of  en- 
gineering teachers  during  vacation  periods  and  promised  to 
have  the  matter  carefully  considered  by  their  own  companies. 

It  was  the  unanimous  opinion  that  highly  specialized  edu- 
cation should  not  be  attempted  by  the  engineering  schools. 
The  industries  want  men  trained  in  "the  fundamentals," 
mathematics,  chemistry,  physics,  business  practices,  eco- 
nomics. English.  Most  of  the  industrial  representatives  stated 
that  they  did  not  particularly  care  whether  an  engineering 
graduate  whom  they  were  to  employ  had  taken  the  course 
in  electrical  engineering  or  mechanical  engineering  or  civil 
engineering.  They  are  interested  in  whether  the  student  is 
guided  into  and  trained  in  right  methods  of  thinking  rather 
than  in  the  specific  subjects  taught.  They  agreed  that  the 
engineer  must  at  some  time  become  a  specialist,  but  were  most 
emphatic  in  their  belief  that  the  college  was  not  the  place  for 
this  specialization.  The  men  from  the  industries  expressed 
the  idea  that  the  industries  themselves  must  be  responsible 
for  specialized  engineering  education  and  that  it  is  not  the 
business  of  the  engineering  schools. 

Altogether,  we  felt  that  our  little  conference  was  very 
successful.  I  want  to  leave  as  a  suggestion  to  the  other  insti- 
tutions here  represented  that  simDar  conferences  will  unques- 
tionably be  of  value  if  only  to  serve  to  secure  better  acquaint- 
ance between  the  colleges  and  the  industries  in  such  a  way 
that  each  will  realize  and  appreciate  something  of  the  re- 
quirements and  the  limitations  of  the  other.     Such  confer- 
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ences  should  be  kept  small  so  as  not  to  lose  the  intimacy 
of  association  necessary  for  the  best  results. 

F.  C.  Caldwell:  Mr.  President,  there  is  one  phase  of  the 
subject  of  cooperation  that  I  do  not  remember  to  have  heard 
touched  upon  in  any  of  our  meetings,  and  that  is  the'  part 
which  the  industries  might  take  in  supplying  the  engineer- 
ing college  with  the  right  kind  of  students.  We  have  just 
heard  a  few  moments  ago  that  we  should  send  a  third  of  our 
product  into  production,  whereas  now  we  are  sending  almost 
none.  We  know  that  every  year  the  field  for  the  employment 
of  engineers  becomes  broader  and  broader.  We  need  an  ever 
increasing  number  of  men.  At  the  same  time,  we  are  feeling 
that  we  ought  to  more  carefully  select  the  men  we  are  to  train 
for  engineers. 

Now,  one  of  the  things  which  industry  might  be  persuaded 
to  do,  and  it  would  require  some  persuasion,  is  to  take  defi- 
nite and  organized  steps  towards  picking  out  from  their  forces 
men  who  are  of  the  right  kind  of  material  to  make  engineers, 
and  to  encourage  them  to  go  to  college,  for  the  engineering 
courses.     The  only  case  of  that  sort  that  has  come  to  my  at''- 
tention,  although  there  are  doubtless  others,  is  that  of  the 
Westinghouse    Electric    &    Manufacturing    Company,    which 
now  has  definite  scholarships,  open  to  its  own  employees  and 
to  sons  of  employees.     These  scholarships  enable  them  to  go 
to  any  college  they  choose.    Now,  whether  that  is  the  best  way 
to  carry  out  the  plan,  I  do  not  pretend  to  say,  but  it  does  seem 
that  this  is  one  of  the  things  that  industries  ought  undertake. 
There  certainly  must  be  many  men  who  have  got  started  in 
the  shops,  but  who  would   make  good  engineers;  naturally, 
however,   being  good  workmen,  their  foreman  do  not  want 
to  lose  them,  and  the  tendency  is  not  to  send  them  away  to 
school,  but  to  hold  them  in  the  shops  where  they  are  making 
good.     I  feel  that  such  a  movement  is  one  of  the  things  that 
we  can  use  our  influence  to  bring  about. 

In  regard  to  the  general  proposition  of  cooperation  in  the 
way  of  student  work,  during  their  summers,  or  through  reg- 
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ular  periods,  this  seems  to  be  coining  to  be  the  usual  thing. 
At  the  Ohio  State  University  we  have  in  the  Electrical  En- 
gineering Course  men  taking  a  supervised  required  summer 
course,  for  the  first  time  this  year.  Two  other  departments 
have  provided  for  it,  and  I  do  not  think  it  will  be  long  before 
it  is  required  of  all  our  engineering  graduates. 

W.  E.  Mott:  Mr.  President,  in  this  connection,  I  would  re- 
fer to  an  experiment  the  Carnegie  Institute  of  Technology  is 
making  this  year,  which  we  hope  will  contribute  something  to 
this  general  question.  In  common  with  many  other  engineer- 
ing schools,  for  a  number  of  years  we  have  conducted  the 
usual  type  of  course  in  mining  engineering,  but  we  have  never 
been  able  to  attract  many  students  to  the  course,  although 
we  are  situated  in  a  district  where  coal  mining  is  one  of  our 
major  industries.  Following  the  suggestion  of  certain  oper- 
ators, we  have  transformed  our  regular  four  year  mining 
engineering  course  from  one  which  prepares  mainly  for  design- 
ing work,  to  one  which  emphasizes  operation  and  superin- 
tendance.  We  have  formed  an  advisory  committee,  made  up 
of  about  six  representatives  from  the  industry,  both  owners 
and  operators,  the  local  vice-president  of  the  Miners'  Federa- 
tion, the  Chief  State  Mine  Inspector.  Mr.  Holbrook,  recently 
superintendent  of  the  Pittsburgh  Station  U.  S.  Bureau  of 
Mines,  and  others,  including  the  head  of  our  department  of 
Mining  Engineering,  Professor  Crabtree,  and  our  cooperator. 
Captain  Steidle.  This  committee  has  laid  out  the  new  cur- 
riculum and,  most  important  of  all,  is  advising  not  only  as 
the  subject  we  should  teach,  but  also  is  keeping  in  close  touch 
with  the  students.  The  companies  have  sent  us  a  number 
of  men  and  have  urged  others,  to  take  up  this  course  in 
mining.  We  have  as  many  Sophomores  as  we  can  handle  this 
year.  Many  of  these  men  are  older  than  the  average  student 
and  are  financed  bj'  the  companies  themselves.  We  thus  are 
in  active,  close  cooperation  with  the  industry  and  the  United 
States  Bureau  of  Mines,  whose  Pittsburgh  Station  is  next 
door  to  us,  and  where  our  students  may  study  and  attend  lec- 
tures given  by  the  experts  of  the  Bureau.    We  hope  that  this 
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experiment  will  strengthen  and  revivify  oiir  work  in  mining 
engineering. 

We  offer  also  a  special  two  year  course  in  Mining,  and  the 
number  is  limited  to  about  twenty  students  per  year.  The 
men  taking  this  course  have  grown  up  in  the  mines,  many  of 
them  married  men,  who  have  taken  this  opportunity  to  ob- 
tain instruction  in  the  fundamentals  of  engineering.  They 
already  know  the  practical  mining  work.  The  trouble  is  to 
hold  those  students.  Some  have  left  us  this  year,  after  only 
a  few  months  additional  study,  at  salaries  which  certainly 
are  interesting  to  a  college  professor.  I  think  this  two-year 
course  gives  greater  promise  as  a  cooperative  measure  than 
the  four-year  course. 

Our  third  experiment  is  a  four  weeks  summer  course  for 
men  in  the  mining  industry  who  wish  to  become  inspectors 
and  fire  bosses. 

We  feel  that  the  active  and  earnest  cooperation  of  the  men 
who  are  in  the  industry  as  well  as  the  State  and  U.  S.  officials 
who  are  responsible  for  carrying  out  government  regulations, 
insures  the  success  of  this  experiment  in  cooperative  work. 

F.  W.  Sperr:  I  don't  know  that  I  would  have  come  for- 
ward, Mr.  President,  but  for  the  question  I  had  in  mind  when 
the  last  speaker  was  on  the  floor,  and  I  would  say  as  a  teacher 
of  mining,  that  I  am  very  much  interested  in  just  what  would 
be  involved  in  teaching  mining  engineering  students,  mine 
operating,  and  I  hope  that  this  matter  may  be  amplified  for 
the  benefit  of  all  of  us.  I  must  say  that  to  my  mind  it  might 
involve  many  different  lines  of  work,  and  just  what  spe- 
cifically would  be  indicated  is  not  clear  to  me. 

Our  Committee  on  Mining  will  be  especially  interested  in 
this  matter,  I  am  sure,  and  I  would  like  to  have  it  further 
explained  at  an  early  time,  if  possible. 

Louis  Brand;  Professor  Airey's  remarks  on  milling  ma- 
chines reminded  me  of  a  specific  example  of  cooperation  be- 
tween industry  and  education  that  came  to  my  notice  a  few 
days  ago.  The  University  of  Cineinuati  has  cooperated  for 
the  last  ten  years  with  one  of  the  large  milling  machine  com- 
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panics  iu  Cincinnati,  and  at  present  a  number  of  executive 
positions  in  that  or<;anization  are  held  by  Cincinnati  gradu- 
ates. A  large  number  of  cooperative  students  are  placed  in 
this  plant.  Now,  when  a  student  has  learned  to  operate  a 
milling  machine  with  a  fair  degree  of  personal  safety,  he 
often  thinks  that  he  knows  all  about  it  and  rapidly  begins  to 
lose  interest  in  the  work.  Just  at  this  point  something  must 
be  done.  So  the  engineers  and  the  foremen  of  the  milling 
machine  company  and  the  staff  of  coordinators  at  the  Uni- 
versity have  compiled  a  pamphlet  of  about  twenty  pages  deal- 
ing with  the  milling  machine  and  its  problems.  This  pamph- 
let contains  over  a  hundred  questions  on  the  milling  machine, 
classified  as  follows :  types  of  milling  machines ;  miling 
cutters — shapes,  characteristics,  and  uses;  fastening  of  cut- 
ters; speed  and  feeds;  milling  operations;  the  spiral  head 
— Indexing  and  spiral  milling:  data  required  in  the  design 
of  a  milling  machine :  data  required  in  the  milling  machine 
department ;  some  of  the  f  orman  's  problems. 

These  questions  will  probably  occupy  many  an  off  moment 
of  the  student ;  and  it  is  not  improbable  that  some  of  the 
problems  suggested  will  ultimately  lead  to  improvements  in 
the  design  of  the  milling  machine.  I  should  add  that  the 
questions  on  machine  design  and  on  forman's  problems,  as- 
signed to  the  student  by  his  coordinator,  require  written 
answers. 

Plans  are  under  way  to  compile  similar  pamphlets  for  the 
various  machines  used  in  the  plants  of  cooperating^  firms. 

W.  G.  Raymond:  Mr.  President,  I  am  not  quite  sure 
whether  the  industries  or  the  schools  are  on  trial.  One  or  the 
other  must  be.  I  am  reminded  that  a  good  many  years  ago, 
none  of  the  industries  wanted  any  college  trained  men.  They 
said.  "We  want  a  man  who  comes  up  through  the  shops  and 
knows  all  about  it.  The  other  fellow  is  only  a  theorist." 
Now,  they  come  and  stretch  out  their  hands  to  our  graduates 
and  beg  them  to  come  into  the  shops,  to  come  into  the  draft- 
ing room,  whether  we  have  had  cooperation  or  not,  and  the 
reason  is,  I  suppose,  that  they  have  learned  that  the  man  who 


DISCUSSION.  69 

is  trained  to  think,  whether  he  has  had  that  particular  job  in 
mind  or  not,  is  the  fellow  who  is  worth  while  in  their  enter- 
prise. You  all  noticed  Mr.  Chapin  when  he  came  to  the 
platform  and  spoke,  and  those  of  you  who  did  not  know  him, 
or  had  not  known  him  before,  thought  he  was  a  man  who  had 
arrived  at  a  pretty  young  age.  He  confessed  that  he  had 
not  had  any  engineering  training  at  all.  He  is  the  head  of 
a  great  manufacturing  industry.  He  was  trained  in  arts. 
and  then  he  went  into  a  shop.  It  was  not  cooperative.  I  have 
no  quarrel  with  cooperation  in  engineering  training.  It 
means — ^doesn't  it? — that  the  boy  w^lio  goes  into  engineering 
in  that  sort  of  a  way  does  pretty  much  the  same  thing  as  the 
boy  who  goes  out  of  high  school  into  the  dry  goods  store,  the 
garage  or  grocery  shop,  something  of  that  sort,  he  just  works 
all  the  year  at  the  job.  Part  of  the  year  he  studies,  part  of 
the  year  he  works  at  something  that  will  earn  him  a  little 
money  maybe,  and  give  him  some  further  experience.  Now, 
more  of  the  young  fellows  who  go  into  engineering  would  do 
that  same  thing,  it  doubtless  is  a  good  thing, — if  the  industry 
would  provide  him  with  a  means  of  earning  some  money  so 
that  he  could  go  to  school  the  rest  of  the  year.  About  half, 
maybe,  nearly  half  of  the  students  in  our  school  are  in  whole 
or  in  part  self-supporting;  they  have  to  work  during  the  sum- 
mer, and  if  some  industry  would  provide  them  with  as  much 
money  as  a  summer  resort  will  give  them  for  running  a 
launch,  or  waiting  table,  or  something  of  that  sort,  they  would 
go  into  the  shop ;  they  would  not  go  to  the  summer  resort. 
As  I  say,  I  am  not  sure  quite  whether  it  is  the  school  or  the 
industry  that  is  on  trial. 

I  am  very  glad  to  hear  one  thing  said,  I  think  from  the  Uni- 
versity of  Pennsylvania — from  the  State  College  of  Pennsyl- 
vania— that  is,  it  does  not  make  any  difference  whether  the 
fellow  is  trained  as  a  civil  engineer,  mechanical  engineer,  or 
what  not.  Evidently  the  industrial  managers  at  that  con- 
ference wanted  a  man  who  has  been  trained  to  think,  rather 
than  a  man  trained  to  do  some  specific  job.  That  is  what  we 
are  trying  to  provide.    We  have  gone  a  step  farther  than  most 
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of  the  schools.  I  think,  at  our  place.  I  heard  Dean  Cooley 
say  this  morning  that  he  had  known  in  the  past  twenty-seven 
or  thirty  years  of  the  existence  of  this  institution,  of  this 
society,  of  a  good  many  researches  being  made,  but  he  never 
heard  of  the  results  of  one  being  put  into  practice.  I  want 
to  tell  him  of  one. 

Quite  a  number  of  years  ago  I  was  chairman  of  a  committee 
on  graduation  requirements  that  we  created  after  we  had 
heard  a  good  deal  about  entrance  requirements,  and  I  made 
as  much  of  an  investigation  and  research  as  I  could  by  in- 
quiry of  practicing  engineers  in  all  lines,  as  to  what  they 
thought  the  schools  ought  to  do,  and  almost  with  one  accord, 
excepting  a  few  fanatics,  who  would  teach  in  four  years  about 
what  ought  to  require  ten  years,  they  said,  "Simply  teach 
the  fundamentals,  we  will  do  the  rest  after  we  get  the  boy. 
Just  about  that  time  I  was  moved  from  my  former  position 
out  to  Iowa  where  I  was  given  the  privilege  of  formulating 
a  course  in  engineering,  and  I  formulated  a  course  in  en- 
gineering based  on  that  research.  It  has  been  operating  very 
well  since,  I  think,  but  we  have  gone  a  step  farther.  "We 
have  alrealy  realized,  without  calling  a  conference,  that  what 
is  needed  is  simply  men  who  are  trained  to  think,  men  who 
are  trained  in  all  the  fundamentals  of  engineering,  if  pos- 
sible, and  so  we  have  changed  our  course,  so  that  our  courses 
in  mechanical,  civil  and  electrical  engineering  are  alike  until 
the  fourth  year.  We  would  not  differentiate  them  if  we  did 
not  think  we  had  to  go  on  conducting  an  engineering  school. 
"We  would  go  on  and  give  the  men  the  fundamentals  for  four 
years,  and  then  if  they  wanted  to  specialize  in  a  school  course 
of  some  kind  they  could,  but  if  not,  they  might  specialize  in 
any  one  of  the  departments  of  engineering  they  might  be 
callf-d  upnn  to  practice  according  as  opportunity  might  offer. 

E.  H.  Rockwell:  Mr.  Chairman,  we  have  been  hearing  from 
the  mechanical  engineers,  and  one  might  judge  that  the  only 
engineer  is  a  mechanical  engineer,  or  one  might  judge  that 
the  only  engineering  was  electrical  engineering.  I  represent 
civil  engineering  in  my  institution,  and  that  fact  makes  me 
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think  of  a  story  which  you  will  pardon,  perhaps.  This  is 
supposed  to  have  occurred  in  the  vicinity  of  Boston,  but  it 
might  have  occurred  anywhere. 

A  few  people  were  visiting  an  asylum  for  the  insane,  and 
the  guide  was  one  of  the  inmates.  They  proceeded  until  they 
had  come  to  the  cage  where  one  of  the  violent  inmates  was 
held,  and  the  guide,  one  of  the  inmates,  says,  "This  man 
thinks  he  is  God,  but  he  is  not."  He  says,  "I  am."  And 
then  the  visitor  said,  ''This  is  a  unique  experience,  the  first 
time  we  have  ever  come  into  the  presence  of  the  Almighty. 
We  wish  you  would  tell  us  the  answer  to  a  question  we  have 
been  worrying  about."  I  do  not  remember  the  question,  but 
it  might  have  been  this,  "Who  will  be  the  Democratic  Nominee 
for  Presidency?"  The  inmate  was  not  so  far  out  but  he  re- 
plied, he  never  talked  shop  while  he  was  taking  visitors 
around  the  institution. 

NoW;,  the  point  I  wanted  to  make  is  simply  this,  that  those 
who  are  interested  in  civil  engineering,  think  that  it  is  one 
of  the  important  branches  of  engineering,  and  the  question 
arises  just  where  that  sort  of  engineering  comes  in  in  this 
matter  of  cooperation.  Personally,  I  have  some  ideas  to  the 
effect  that  the  colleges  of  engineering,  as  far  as  the  civil  en- 
gineering department  is  concerned,  must  set  the  pace  as  far 
as  many  of  the  theoretical  questions  are  concerned.  I  think 
of  an  omnipresent  critic  who  writes  for  the  Engineering 
Record  every  week  or  two,  who  has  been  telling  us  about 
common  sense,  and  he  wishes  to  discard  all  theory,  all  higher 
theory,  in  the  colleges,  and  substitute  common  sense.  If  that 
is  the  sort  ol  advice  that  the  civil  engineering  departments 
would  get  from  the  industries,  T,  for  one,  would  be  loath  to 
accept  it.  I  think  that  the  civil  engineer,  at  least,  is  in  a 
somewhat  unique  position  in  this  matter  of  cooperation.  I 
have  not  very  many  ideas  to  express  today,  because  I  am  not 
convinced  as  yet  that  cooperation  is  entirely  advisable  in 
that  course  at  all.  I  think  I  agree  with  what  Dean  Raymond 
has  said,  that  the  college  should  teach  men  to  think  and  ap- 
proach problems,  and  solve  them  after  they  go  into  practice. 
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C.  G.  Brown:  Mr.  Chairinau,  I  was  very  much  interested 
in  Mr.  Chapin  's  suggestion  in  regard  to  early  contact  between 
the  student  and  the  industries,  and  my  views  coincide  with 
his  in  that  he  did  not  make  any  definite  point  whether  that 
should  be  between  high  school  and  college  or  in  the  early 
part  of  his  college  course  or  a  little  later,  or  just  where.  It 
certainly  is  a  very  important  point,  and  our  school  has  seen 
to  it  that  the  students  in  the  collegiate  department  have  a 
great  deal  of  such  contact  with  the  industries. 

Another  point  that  also  coincide  is  the  contact  with  busi- 
ness relationships.  In  other  words,  there  should  be  brought 
to  the  mind  of  the  student  the  fact  that  business,  as  business, 
is  something  that  he  should  be  vitally  interested  in.  I  know 
that  in  my  own  college  course  I  had  very  little  opportunity 
to  understand  the  relation  of  various  engineering  bodies  to 
business.  Now,  that  those  points  are  being  adapted  so  uni- 
versally in  the  thought  of  prominent  leaders,  it  seems  to  me 
those  ideas  are  going  to  grow,  and  that  before  many  *years 
those  ideas  are  going  to  develop  and  produce  much  closer  co- 
operation in  those  respects. 

There  is  another  point  that  I  would  like  to  emphasize,  and 
it  is  not  merely  because  our  school  is  bringing  it  to  pass,  in 
the  collegiate  department,  but  it  is  because  it  has  been  my 
thought  for  some  time.  Just  to  illustrate,  there  seems  to  be 
a  change  in  many  of  the  high  schools.  The  high  schools  were 
setting  higher  and  higher  standards  for  their  graduates,  and 
it  was  necessary  for  the  student  to  specialize  almost  from 
his  freshman  year  if  he  wanted  to  be  a  high  school  graduate 
that  could  enter  a  technical  college.  Now,  we  are  finding 
more  leeway.  Why?  The  answer  seems  to  be  that  it  is  the 
duty  of  the  high  schools  to  educate  not  merely  the  small  per- 
centage that  are  going  to  gradute  and  go  through  college;  it 
is  their  duty  to  spend  their  efforts  on  the  students  that  come 
to  the  higli  schools,  many  of  whom  are  going  to  college,  and 
an  enormously  larger  number  of  whom  are  not  going  to  col- 
lege.     Now,    in   the   engineering   schools,    and    as   has   been 
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brought  out  here,  and  as  is  always  being  mentioned,  many  of 
the  students  are  not  suitable  to  go  ahead  and  graduate  as 
engineers.  They  do  not  have  the  qualifications ;  and  they  do 
not  show  the  ability.  And  even  though  when  you  advise  them 
that  they  ought  to  take  some  different  line  of  work,  again,  as 
has  been  pointed  out,  they  do  not  change  their  course,  at 
least  very  few  of  them  change  it,  until  they  are  notified  their 
standing  is  so  low  that  they  are  required  to  drop  it. 

Now,  why  could  we  not  do  more  by  giving  the  student  dur- 
ing the  freshman  year  such  courses  that  he  will  have  some- 
thing he  can  use,  if  he  has  to  leave  college  to  go  to  work?  In 
other  words,  instead  of  spending  the  time  on  purely  prepara- 
tory courses  for  one  or  two  years,  courses  which  are  prepara- 
tory in  the  sense  that  a  man  is  getting  very  little  for 
practical  application,  why  not  let  him  have  such  courses  as 
are  necessary  in  mathematics  and  in  English,  and  also  bring 
in  some  of  the  elementary  engineering  work  ?  Many  students, 
for  financial  reasons,  as  well  as  other  reasons,  find  it  neces- 
sary to  leave  at  the  end  of,  say,  one  year.  If  such  a  student 
has  a  little  elementary  engineering  work,  which  is  of  such  a 
nature  that  he  can  use  it,  then  he  has  received  a  benefit,  which 
it  seems  to  me  he  does  not  receive  if  he  has  only  the  abstract 
courses,  or  those  that  seem  to  him  abstract.  Incidentally,  it 
makes  this  difference  too,  that  the  student,  instead  of  feeling 
all  the  time,  "  Why  do  you  give  me  this  subject  in  mathe- 
matics, why  this  subject  more  advanced?  Why,  it  is  for  more 
advanced  than  I  will  ever  use."  Instead  he  is  using  his 
courses  in  mathematics  and  other  lines  soon  after  he  takes 
them,  and  that  makes  them  interesting  to  him,  and  he  can 
see  the  value,  just  as  has  been  pointed  out,  and  can  see  the 
value  of  his  course.  There  is  less  of  an  abstract  field  to  it  if 
he  can  have  practical  work  even  before  he  has  any  of  the 
college  work.  Certainly  he  should  have  it  during  his  college 
course,  if  he  cannot  have  it  before. 

P.  F.  Walker:  Mr.  Chairman,  there  are  two  or  three  points 
which  I  would  like  to  mention  in  connection  with  the  dis- 
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cussiou.  The  question  has  been  raised  as  to  why  industries 
might  not,  if  they  do  not,  send  occasional  students  from  their 
workinfr  groups, — I  say  students,  meaning  those  who  are  in 
the  student  courses  of  the  industries, — to  the  regular  engi- 
neering schools  for  more  complete  training.  As  to  the  possi- 
bilities for  that,  I  might  cite  an  instance  of  an  arrangement 
between  the  University  of  Kansas  and  the  Santa  Fe  Railroad 
Shop  Training  school  organization.  Mr.  Thomas,  of  that 
organization,  did  send  one  or  two  students  to  us.  There  are 
certain  difficulties  which  stand  in  the  way  of  this,  howe'ver. 
One  is  that  usually  thos  boys  who  are  with  industries  are 
not  fitted  as  to  entrance  requirements ;  their  school  training 
has  not  been  as  to  enable  them  to  enter  the  regular  courses. 

While  speaking  of  the  railroad,  I  wish  to  mention  one 
other  point.  Happily,  the  present  instance  has  passed,  but 
we  may  run  against  the  same  proposition  again.  It  is  this : 
During  the  war,  during  the  time  when  the  railroads  were 
under  government  administration,  there  was  a  contract  made 
with  the  unions,  which  made  it  absolutely  impossible  for  any 
engineering  graduate  of  a  regular  technical  school  to  get  into 
the  line,  that  is,  into  the  operating  departments  of  the  rail- 
roads. That  sounds  astounding  perhaps  to  those  who  have 
not  been  aware  of  the  situation.  That  period  is  over,  but  I 
am  not  well  enough  informed  as  to  the  present  situation  to  be 
able  to  say  whether  or  not  under  present  conditions,  or  under 
conditions  that  are  likely  to  obtain  under  the  new  railway 
administration  act,  anj^  difficulty  of  that  sore  will  be  con- 
tinued, but  I  do  say,  gentlemen,  that  the  time  may  be  coming 
when  it  will  be  necessary  for  this  organization,  as  well  as 
some  others,  to  take  into  account  certain  vital  factors  in 
industry  which  touch  very  closely  this  matter  of  the  participa- 
tion of  our  graduates  in  industries. 

I  want  to  say  with  reference  to  the  comments  on  mining 
work,  that  I  am  intensely  interested.  In  the  mining  work 
at  the  university  with  which  I  am  connected,  we  have  had  in 
mind  and  have  partially  worked  out,  a  system  similar  to  that 
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which  Director  Mott  has  outlined.  Therefore,  I  heard  with 
a  great  deal  of  interest  the  report  of  the  committee  on  mining, 
together  with  the  comment  which  Director  Mott  has  made. 

I  hope  I  will  be  pardoned  if  I  inject  just  this  point,  a 
new  thought  into  this  matter  of  cooperation,  I  will  have  to 
do  it  by  citing  as  an  illustration  the  process  by  which  some 
of  us  are  endeavoring  to  work  out  a  certain  kind  of  coopera- 
tion in  the  West.  I  happen  to  be  Chairman  of  the  Research 
Committee  of  the  mid-continent  section  of  the  American 
Society  of  Mechanical  Engineers.  We  are  endeavoring  there 
to  determine  what  work  is  going  on  in  that  great  industry 
which  occupies  that  region  primarily,  that  is  the  petroleum 
industry.  Methods  by  which  work  is  being  done  there  are 
being  brought  under  a  form  of  supervision  or  direction,  and 
at  the  same  time  being  coordinated  with  the  agencies  in  the 
territory  that  are  particularly  well  equipped  with  research 
apparatus.  The  work  is  just  beginning,  but  this  much  has 
been  done.  We  are  to  have  at  our  institutions  a  man  next 
year,  a  young  man  as  a  graduate  student  on  part  .time,  who 
will  give  half  of  his  time,  at  least,  to  the  careful  study  of  a 
problem  which  is  of  particular  interest  to  the  oil  refiners. 
That  young  man  this  summer  is  working  with  one  of  the 
largest  oil  refiners  in  Tulsa  and  is  there  under  an  arrange- 
ment with  the  company  for  the  express  purpose  of  making 
it  possible  for  him  to  get  thoroughly  in  touch  with  the  actual 
problems  that  he  will  be  attempting  to  solve  in  research  work. 
Not  only  that,  biit  I  have  arrangements  made  with  this  com- 
pany whereby,  as  soon  as  he  has  progressed  to  a  point  where 
he  feels  that  he  has  a  sort  of  preparatory  foundation,  he  may 
go  to  that  plant  and  have  made  available,  immediately  and 
directly  for  his  experimentation,  full  size  operating  equip- 
ment operated  with  all  the  skill  of  the  regular  employes  in 
the  refinery,  in  order  that  he  may  test  his  results  in  the 
laboratory  of  actual  practice. 

I  speak  of  those  points  to  illustrate  what  may  be  called 
a  system  of  cooperation  between  industries  and  our  educa- 
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tioual  institutions  in  that  field  of  research,  and  I  believe  that 
it  is  a  matter  which  deserves  our  attention.  Mr.  Chairman, 
just  as  thoroughly  and  heartily  as  that  of  fitting  boys  to  go 
directly  into  the  employ  of  those  companies, 

J.  R.  Allen:  For  a  great  many  years  the  Society  of  Heat- 
ing and  Ventilating  Engineers  have  realized  that  it  was 
necessary  to  know  more  about  the  fundamental  laws  under- 
lying their  problems  and  to  have  further  knowledge  in  regard 
to  the  application  of  these  laws  in  actual  practice.  In  order 
to  study  these  laws  more  carefully,  the  Society  established  a 
Research  Bureau  in  eonuection  with  the  Bureau  of  Mines 
at  Pittsburgh. 

The  object  of  this  Bureau  is  not  to  deal  with  commercial 
tests  but  with  fundamental  problems  of  the  industry  such  as 
problems  of  best  transmission  and  a  study  of  the  fundamental 
principles  of  ventilation.  After  studying  the  field  of  heat- 
ing research  we  \ery  soon  realized  that  it  was  very  desirable 
to  know  what  agencies  were  conducting  work  along  these 
lines  and  what  character  of  experiments  were  now  being 
made.  •  In  order  to  do  this,  visits-  have  been  made  to  most  of 
the  universities  and  research  laboratories  of  this  country  to 
find  out  what  the  present  status  of  research  work  in  heating 
and  ventilation  is. 

The  Subjects  Committee  of  the  Research  Bureau,  after 
studying  the  situation,  concluded  that  there  were  three  prin- 
cipal functions  of  the  Research  Bureau: 
First:  The  collection  of  all  available  information  on  the  sub- 
ject of  research  in  connection  with  heating  and  ventila- 
tion. 
Second:    Devising  of  standard  methods  for  the  use  of  the 

Society. 
Third:    The  conducting  of  actual  research  work.     This  re- 
search work  is  divided  into  two  groups;  research  to  be 
done  at  the  Bureau  of  Mines;  and  research  work  to  be 
done  at  other  locations. 
The  research  work  outside  of  the  Bureau  of  Mines  is  largelv 
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being-  done  at  the  universities.  The  Society  has  allotted  cer- 
tain funds  that  can  be  used  for  stimulating  work  in  the  uni- 
versities. At  present,  experiments  are  being  made  at  the 
University  of  Minnesota,  University  of  Michigan,  Pennsyl- 
vania State  College,  and  we  expect  very  shortly  to  cooperate 
with  other  institutions  along  these  lines.  This  cooperation 
between  a  national  society  and  the  universities  seems  very  de- 
sirable. It  accomplishes  two  purposes.  First,  it  strengthens 
the  bond  of  relationship  between  the  national  organizations 
and  the  universities,  and  secondly,  it  familiarizes  the  schools 
with  the  actual  problems  that  engineers  are  studying;  and 
brings  to  the  school  a  lively  interest  in  the  engineers'  prob- 
lems. We  have  already  published  two  papers  as  a  result 
of  this  cooperative  work.  This  cooperative  work  between  the 
universities  and  the  commercial  organizations  can  be  still 
further  stimulated  to  the  advantage  of  both  parties.  Some 
of  the  larger  corporations  are  already  considering  cooperative 
work  with  the  universities  similar  to  that  carried  on  by  the 
American  Society  of  Heating  and  Ventilating  Engineers. 

The  American  Society  of  Heating  and  Ventilating  Engi- 
neers have  one  great  advantage  in  this  cooperative  work  and 
that  is  that  their  efforts  are  confined  to  rather  narrow  lines 
of  specialization  and  they  have  very  definite  problems  to 
work  out.  We  have  laid  out  a  series  of  problems  which  we 
hope  to  assign  to  about  a  dozen  institutions  so  that  we  can 
rapidly  solve  some  of  the  most  perplexing  problems  that  have 
been  presented  to  the  Society. 

I  hope  that  other  national  societies  may  in  the  future  see 
their  way  to  make  a  similar  arrangement  with  the  various 
universities. 

R.  D.  Chapin:  As  you  can  well  imagine,  it  has  been  very 
illuminating  to  me  to  listen  to  the  discussion  which  has  taken 
place.  I  have  endeavored  in  my  talk  today  to  speak  from  the 
standpoint  of  the  executive,  not  with  engineering  education. 
I  have  tried  to  make  my  talk  applicable  to  other  industries 
as  well  as  the  motor  car  business.     In  going  into  the  subject 
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of  cooperation  iu  detail,  I  have  had  an  opportunity  to  in- 
vestigate the  matter  of  cooperation  in  various  institutions.  I 
was  very  much  surprised  to  find  we  had  some  students  in 
our  own  factory  from  a  local  university.  These  students 
were  doing  very  good  work.  Similarly,  in  Detroit  there  are 
other  students  in  other  institutions,  and  going  beyond  the 
mechanical  side  of  it,  they  are  at  work  with  electrical  con- 
cerns, with  chemical  concerns,  and  they  are  out  doing  service 
work  for  railroads.  It  is  rather  interesting  to  note  that  they 
are  presumed  to  bring  somewhat  of  a  trained  mind  to  their 
work,  and  it  gives  them  a  wage  which  is  going  to  enable  them 
to  go  right  straight  through  their  college  course  with  the 
money  they  have  earned,  without  any  outside  resources. 
It  is  a  well  known  fact,  gentlemen,  that  among  the  best  stu- 
dents you  graduate  are  the  men  who  earn  their  own  way 
through  college.  It  does  furnish  a  waj^  to  finance  them 
through,  and  you  are  not  only  training  them  to  be  men,  but 
you  help  a  great  many  men  to  go  through  college  and  secure 
a  technical  education  who  would  otherwise  not  have  it. 

You  are  suffering,  I  know,  in  practically  every  one  of 
your  institutions  from  a  flood  of  students.  All  of  you  prob- 
ably have  more  students  than  you  can  properly  take  care  of. 
The  funds  being  raised  around  this  country  to  increase  the 
salaries  of  the  faculties  of  the  colleges  are  evidence  of  the 
fact  that  colleges  ought  to  have  more  support.  It  seems  to 
me  that  if  you  would  start  your  students  in  industry  some 
monthse  before  they  come  to  you,  you  are  going  to  weed  out 
your  students  very  quickly.  Those  students  you  have  ad- 
vised not  to  take  up  engineering  are  going  to  speedily  find 
when  they  have  to  go  out  and  make  a  showing  in  the  shop 
whether  they  are  liable  to  stick  to  engineering  or  not,  whether 
they  will  honestly  like  it. 

The  point  has  been  made  that  there  is  a  responsibility  on 
industry.  There  is  no  doubt  about  that.  Industrj^  has  not 
properly  appreciated  that  fact.  Industry,  as  is  usually  the 
case,  will  usually'  answer,  "  We  have  troubles  enough  to  our 
own." 
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Now,  at  the  same  time,  industry,  I  think,  is  approaching  its 
problems  in  a  much  more  intelligent  way  than  before.  You 
will  often  find  educational  departments  instituted  in  large 
factories.  They  are  endeavoring  to  solve  the  problem  of 
bringing  in  some  of  their  men  and  getting  them  trained  along 
some  line  that  will  help  the  factory  itself.  The  work  Dr. 
Capen  has  explained  to  you  is  a  very  strong  movement  in 
the  right  direction.  Giving  specifications  for  industry  is 
going  to  be  a  help  to  the  industry,  will  make  the  men  think  on 
the  job.  It  is  going  to  make  them  think  a  little  better,  make 
them  analyze  the  available  openings,  and  see  whether  their 
organization  is  properly  framed  up.  In  addition,  it  is  bound 
to  help  you,  because  it  is  going  to  give  you  the  cooperation 
of  industries.  Every  one  of  us  wants  to  attain  to  the  highest 
quality  of  work  he  can.  Teaching  is  as  much  a  business  as 
anything  else,  and  there  is  nothing  in  which  new  methods  are 
any  more  needed  due  to  the  fact  that  the  requirements  are  so 
different  than  fifteen  or  twenty  years  ago.  I  want  to  assure 
of  my  confidence  that  in  your  cooperation  with  industry,  as 
explained  by  the  speaker  today,  you  are  going  to  get  a  much 
warmer  cooperation  than  perhaps  you  expect.  Industry  to- 
day means  a  great  deal  more  than  making  money,  and  in  its 
relation,  both  to  its  men  and  to  the  world  in  general,  as  well 
as  in  looking  at  things  in  their  higher  aspect,  I  think  you  will 
find  your  cooperation  most  welcome. 

I  thank  you  very  much  for  the  opportunity  of  having  ap- 
peared before  you. 
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This  paper  has  grown  out  of  certain  reflections  on  the 
relation  of  engineering  societies  to  the  training  of  men 
who  will  ultimately  enter  the  profession  and  thus  become 
eligible  to  membership.  The  subject  is  not  limited  to  the 
establishment  of  student  branches  or  affiliated  societies  of 
engineering  at  the  universities.  It  has  a  much  larger 
aspect.  Up  to  this  time,  no  engineeriuir  society  has  ful- 
filled its  possibility  in  relation  to  the  training  for  the  pro- 
fession. It  is  doubtful  even  if  any  society  has  done  its  full 
duty.  Certainly  none  has  ever  taken  advantacre  of  a  real 
opportunity  in  this  period  of  changing  education,  changing 
ideals  and  changing  methods  in  the  industries. 

Broadly  speaking  there  are  three  ways  of  getting  into  the 
engineering  profession. 

1.  As  in  the  early  part  of  the  nineteenth  century  by  ap- 
prenticeship and  experience.  It  was  called  the  school  of 
''hard  knocks"  and  if  there  had  been  an  engineering  pro- 
fession previous  to  1825,  that  would  have  been  the  school. 
Through  apprenticeship  to  some  master  was  the  natural  road 
to  all  of  the  occupations  that  subsequently  developed  into 
professions. 

2.  By  graduation  from  a  technical  school  or  the  engineer- 
ing department  of  a  univei'sity. 

3.  By  training  and  education  in  the  industry  or  through 
some  other  channel  after  leaving  the  ordinary  public  schools. 

A  satisfactory  classification  would  be  most  difficult  as  everA- 
individual  is  more  or  less  a  law  unto  himself  and  he  may  have 

SO 
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had  part  in  all  three  of  these  metliods  of  becoming  an  engi- 
neer. In  fact,  before  studying  relations  of  societies  to  edu- 
cation, it  will  be  useful  to  know  how  these  societies  are  made 
up.  The  percentage  of  men  becoming  engineers  through  ap- 
prenticeship is  growing  less  and  less  as  the  methods  of  engi- 
neering have  crystallized  into  more  and  more  a  scientific 
tabulation  through  research  and  experiment.  The  older 
mechanical  engineers  will  remember  that  in  the  early  '70s 
there  were  few  books  on  their  profession  and  the  science  was 
largely  empirical. 

Our  Societies  are  made  up  as  follows : 


Civil 
Engineers. 

Mining 
Engineers. 

Mechanical 

Engineers. 

Electrical 
Engineers. 

Honorary  members 

Members 

Associate  members 

3 

4,050 

4,789 

492 

167 

10 
1 

15 
7,072 

621 

787 

9 

6,036 

2,360 

2,791 

687 

6 
1,617 

Junior  members 

Associates 

Junior  associates !  .  .  .  . 

9,224 

Fellows 

Corresponding  members 

498 

Total 

Estimated  percentage  graduated 
from  college 

9,512 
80% 

8,495 
80% 

11,883 
50% 

11,345 
60% 

This  is  not  intended  to  be  exhaustive  of  all  engineering 
societies  in  the  United  States  and  the  figures  are  correct  only 
up  to  April  of  this  year.  The  four  that  are  here  mentioned 
have  always  had  the  education  of  their  members  as  a  prin- 
cipal function.  This  has  been  necessarily  true  and  it  has 
served  to  build  up  our  profession  into  a  real  one.  The  ex- 
change of  papers  on  the  applications  of  science,  the  meetings 
for  discussion,  the  consultation  amongst  members  on  special 
subjects,  and  in  general  the  cooperation  of  engineers  in  these 
societies  for  the  information  of  the  public  and  for  enabling 
members  to  do  their  work  better,  is  all  educational.  When 
the  societies  depart  from  that  field  into  the  more  controversial 
subjects  related  to  politics  and  government,  they  will  cease 
to  be  of  great  value  as  engineering  societies.  Furthermore,  if 
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their  principal  function  ever  becomes  that  of  employment 
agencies  for  engineers  or  that  of  a  union  to  increase  salaries, 
they  will  surrender  their  most  useful  function,  namely,  to 
enable  engineers  to  deserve  more  by  the  better  service  that 
they  can  render.  These  societies  have  a  natural  alliance  with 
educational  institutions  and  they  form  the  postgraduate 
courses  for  all  engineers,  every  man  of  whom  ought  to  belong 
to  one  of  them.  This  does  not  mean  that  engineers  ought 
not  to  take  an  interest  in  politics  or  in  the  many  problems 
connected  with  government ;  in  fact,  it  is  a  very-  good  thing 
for  local  sections  to  be  formed  or  for  local  engineering 
societies  to  discuss  local  needs.  It  has  long  been  thought 
that  the  profession  would  be  better  off  with  one  large  engi- 
neering society  split  up  into  professional  or  geographical 
sections.  That  may  be  a  sound  theor^-  Init  taking  by  and 
large  the  experience  of  the  world,  the  engineers  are  really 
better  served  by  close  association  with  men  who  are  occupied 
in  the  same  field.  As  a  matter  of  fact,  one  large  engineering 
society  would  probably  lack  much  of  the  educational  value 
of  the  present  professional  societies  and  the  country  might 
stand  to  lose  more  than  it  would  gain  by  the  larger  influence 
over  government  possessed  through  one  great  society.  The 
only  reason  for  considering  this  aspect  of  the  case  in  this 
place  relates  to  the  influence  that  engineering  societies  may 
have  over  education  and  the  place  that  these  societies  may 
occupy  in  assisting  students  to  fit  themselves  better  for  their 
professions. 

Another  question :  while  engineering  has  been  defined,  no 
society  has  apparently  ever  defined  for  its  own  use  those  who 
constitute  the  engineering  profession.  "We  know  that  the  man 
who  makes  use  of  materials  and  forces  of  nature  for  doing 
man's  work,  especially  on  a  commercial  scale,  is  an  engineer. 
Wliat  name  will  describe  the  man  who  directs  the  Avork  of  the 
man  who  makes  a?e  of  the  materials  and  forces  of  nature? 
That  has  never  been  well  studied  out  as  shown  by  the 
kind  of  membership  offered  by  our  societies. 

In  the  Army,  there  are  certain  prejudices  in  favor  of  West 
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Point  and  we  think  of  a  West  Pointer  as  a  soldier,  just  as  we 
think  of  the  graduate  from  a  technical  school  as  an  engineer, 
but  the  West  Pointer  who  has  completed  a  four  year  course 
is  not  tlie  only  soldier  to  fight.  The  majority  of  our  officers 
during  the  World  War  came  from  civil  occupations  and  be- 
came soldiers  in  a  relatively  short  time.  Many  of  our  suc- 
cessful generals  have  not  graduated  from  West  Point  and 
many  of  our  officers  have  entered  from  the  ranks  without 
ever  having  gone  to  any  school  excepting  their  own  home 
schools  v.'hen  they  were  boys.  Is  a  graduate  from  an  engi- 
neering school  the  only  professional  engineer  when  so  many 
thousands  enter  the  industries  by  the  other  two  roads?  Our 
membership  is  constituted  on  lines  that  would  make  one  think 
so.  The  definitions  are  entirely  too  technical  and  we  have 
therefore  resorted  to  division  into  grades.  It  is  necessary 
only  to  speak  of  one  of  them  because  societies  are  more  or 
less  alike.     In  the  Mechanical  Engineers  there  are : 

1.  The  man  who  is  an  engineer  or  teacher  of  thirty-two 
years  of  age.  He  must  have  been  in  the  active  practice  of 
his  profession  for  at  least  ten  years  and  in  responsible  charge 
for  five.  He  must  be  qualified  to  design  and  to  direct  engi- 
neering work. 

2.  The  Associate,  who  does  not  have  to  be  an  engineer,  but 
he  must  have  been  connected  with  some  branch  of  engineer- 
ing or  science  or  the  arts  or  industries  such  that  he  shall  be 
qualified  to  cooperate  with  engineers. 

3.  The  Associate  Member  who  is  essentially  the  same  as  a 
member  with  less  professional  experience. 

4.  The  Junior  who  is  an  engineer  because  he  is  capable  of 
filling  a  subordinate  position  in  engineering  work. 

When  we  talk  about  a  man  who  is  qualified  to  cooperate 
with  engineers  in  the  advancement  of  professional  knowledge, 
do  we  mean  a  man  who  is  at  the  head  of  a  great  engineering 
establishment,  who  directs  the  work  of  engineers  ?  Our  whole 
modern  classification  is  bad  in  that  regard.  Any  man  who 
is  managing  a  great  industrial  organization  involving  large 
masses  of  men  in  manufacture  or  transportation  is  essentially 
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an  engineer  or  he  ought  to  be.  If  he  lias  treated  himself  as 
an  executive  who  deals  only  with  high  finance,  he  may  have 
gotten  by  with  his  job,  but  he  has  usually  made  an  awful 
mess  of  the  thing  for  someone  who  succeeds  him.  One  of  the 
great  mistakes  of  modern  times  is  the  separation  of  manu- 
facture into  too  many  departments.  As  a  matter  of  fact, 
every  man  who  is  employed  in  an  industry  should  have  had 
at  least  some  engineering  training  at  the  bottom  of  it.  There 
is  too  often  an  engineering  department  set  off  a^tain&t  the 
management  and  other  things,  with  the  thought  that  an  edu- 
cation through  science  and  engineering  is  needed  only  for  the 
strictly  technical  man  who  expects  to  lean  over  a  drafting 
board  the  bulk  of  his  life.  The  methods  of  engineering 
schools  are  in  truth  at  the  foundation  of  all  departments  of 
industries  and  transportation  and  the  men  at  the  head  of 
these  departments  are  essentially  engineers.  This  does  not 
mean  that  a  young  man  who  graduates  from  a  technical 
school  is  by  that  fact  an  executive.  It  does  mean,  however, 
that  he  is  well  trained  to  begin  any  department  of  manu- 
facture. 

We  all  know  too  many  examples  of  successful  manageroent 
through  experience  to  have  any  illusions  about  the  advantage 
of  a  college  education.  Undoubtedly  on  the  average,  the 
yeai*s  spent  in  higher  education  will  enable  men  to  grasp 
more  quickly  the  larger  problems  before  our  country,  but  the 
successful  men  are  not  confined  to  college  graduates.  The 
old  and  commonly  accepted  belief  that  colleges  of  liberal  arts 
offered  the  only  broad  and  sufficient  preparation  for  executive 
positions  is  simply  stuff.  A  member  of  the  Massachusetts 
Institute  of  Technology'  Corporation  once  told  me  that  the 
M.  I.  T.  was  an  excellent  training  for  men  to  occupy  sub- 
ordinate routine  positions  and  that  Harvard  was  the  place  to 
produce  executives  and  managers.  In  the  real  everyday  ex- 
perience that  is  not  true  at  all.  The.  universities  of  this 
country  have  turned  out  too  many  men  from  the  colleges  of 
liberal  arts  who  have  mismanaged  more  than  they  have 
managed. 
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Our  definition  should  classify  as  an  engineer  within  our 
profession  every  man  who  has  learned  how  to  manage  a  great 
business  involving  the  use  of  power  and  materials.  That  is 
what  he  is.  Examples  without  number  can  be  quoted  to 
establish  this  and  I  am  tempted  to  give  one  as  far  from  the 
ordinary  track  as  can  be  imagined.  The  president  of  one  of 
our  great  engineering  companies  began  life  as  a  salesman 
and  bookkeeper  in  a  shoe  store  where  he  spent  about  three 
years.  He  had  graduated  from  the  high  school  in  one  of  our 
smaller  cities.  As  he  has  told  me,  after  the  shoe  store  went 
into  liquidation,  he  drifted  until  he  became  a  clerk  in  the 
freight  office  of  a  railroad  where  he  stayed  for  one  year.  One 
day,  by  accident,  a  friend  asked  his  father  where  he  could 
find  a  bookkeeper  to  help  him  out  in  some  work  that  he  had 
undertaken.  He  was  glad  to  take  the  job  and  he  remained 
bookkeeper  for  a  few  years,  then  secretary,  then  treasurer, 
and  now  president  of  one  of  the  most  progressive  engineering 
firms  in  the  United  States.  What  is  he,  a  shoe  dealer  or  an 
engineer?  We  in  the  A.  S.  M.  E.  have  elected  him  as  an 
associate  of  the  society,  capable  of  cooperating  with  engineers. 
This  seems  to  me  more  or  less  absurd.  He  is  an  engineer  and 
an  honor  to  our  profession. 

We  are  on  the  wrong  basis  just  as  the  country  is  and  we  can- 
not maintain  it.  The  education  of  business  men  who  are  going 
into  manufacture  or  transportation  is  found  through  engineer- 
ing defined  in  its  broadest  sense.  The  many  examples  of  the 
delay  that  bad  classification  has  created  may  be  found  in  the 
gradual  evolution  of  America.  Many  years  ago  the  Navy  of 
the  United  States  was  organized  on  the  same  false  system  as 
most  of  our  industries.  It  was  stated  openly  by  the  deck  officers 
that  the  officer  in  command  of  the  ship  was  an  executive  who 
did  not  need  to  know  details  like  the  propelling  and  auxiliary 
machinery  of  the  ship  for  which  he  was  responsible.  This  is 
too  often  the  idea  of  the  members  of  great  companies  and  it 
is  certainly  at  the  root  of  the  inefficiency  of  our  government. 
A  memorial  was  once  sent  to  Congress  signed  by  the  majority 
of  the  deck  officers  of  the  Navy  stating  that  engineers  were 
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essentially  civilians  who  could  be  hired  at  any  time.  A  more 
rotten  circular  never  was  prepared  by  unenlightened  men  and 
it  accomplished  nothing  except  to  expose  the  prejudice  and 
small  minds  of  the  signers  who  had  learned  their  profession 
ill  a  sailing  marine,  but  nevertheless,  twenty  years  passed  by 
before  Congress  took  the  business  in  hand  and  cured  the  strife 
between  line  and  staff  of  the  Navy  by  fusing  line  and  engi- 
neers into  one  corps,  the  groundwork  of  whose  training  was 
engineering.  As  President  Roosevelt  wrote  in  one  of  his 
messages,  "'the  future  naval  oflficer  will  be  a  fighting  engi- 
neer. ' '  It  was  fortunate  for  us  that  we  had  as  President  one 
who  saw  so  clearly.  His  prophecy  has  come  true,  for  the  com- 
manding officers  of  our  destroyers  in  the  war  zone  were  all 
engineers,  or  at  least  brought  forward  through  a  school  of 
engineering.     That  is  all  the  Naval  Academy  is  to-day. 

Congress  cannot  deal  with  the  countrj^  as  it  could  with  the 
Navy  and  therefore  by  legislation  it  cannot  train  the  man- 
agers of  our  industries  and  transportation  into  business  engi- 
neers which  they  are.  The  world  will  have  to  do  that  when 
it  gets  rid  of  the  old  type  and  understands  better  the  func- 
tions of  an  executive  at  the  head  of  a  great  industrial  cor- 
poration. It  may  not  be  necessary  that  the  man  at  the  head 
shall  have  been  educated  in  college,  but  it  will  be  necessary 
for  him  to  learn  the  methods  and  ideals  of  the  engineering 
profession  in  order  to  do  his  work  best  so  that  we  may  have 
in  the  near  future  a  new  type  of  executives. 

In  discussing  this  aspect  of  manufacture  with  bankers  and 
business  men,  I  have  had  this  statement  vigorously  denied. 
Men  who  have  nearly  wrecked  our  industries  are  those  who 
contend  hardest  for  the  freedom  of  the  individual,  just  as 
the  very  men  who  go  into  politics  are  unwilling  to  make  real 
professional  requirements  unto  the  art  of  government.  A 
new  species  must  come  along  for  we  have  lost  faith  in  those 
who  in  their  pride  have  set  up  a  kind  of  feudal  sj'stem.  The 
executives  or  the  heads  of  big  business  have  come  by  pressure 
into  more  enlightened  methods  and  they  do  not  yet  realize  that 
in   the  management  of  men  thev  have  often  been   failures. 
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We  have  never  even  understood  the  word  prosperity.  It 
does  not  mean  the  exploitation  of  nature's  resources  and  the 
robbery  of  future  generations.  When  we  export  more  coal 
and  raw  materials  than  any  other  nation,  we  are  simply  re- 
ducing our  potentiality  in  the  future.  Prosperity  is  meas- 
ured by  the  frugality  and  moderation  and  the  industry  of  a 
nation  rather  than  by  the  luxury  and  show.  Conservation 
combined  with  efficiency  offers  the  only  road  to  the  right  kind 
of  prosperity  wherein  no  one  man  and  no  one  board  of 
directors  has  control  over  the  lives  of  other  men.  We  cannot 
change  our  country  by  legislative  enactment,  but  we  can 
change  it  by  educating  our  citizens  to  the  truth  and  the  pro- 
fessional training  most  capable  of  giving  our  larger  execu- 
tives an  intelligent  understanding  of  democracy.  Heretofore 
the  engineering  societies  have  shamed  themselves  by  consent- 
ing to  occupy  the  subordinate  place  of  technically  educated 
men  who  have  no  capacity  for  executive  management.  The 
world  will  never  recover  from  its  present  unrighteous  haste 
until  we  shall  have  accomplished  two  things.  First,  human 
sympathy  through  the  precepts  of  Christ.  Second,  the  proper 
use  of  materials  and  power  through  training  in  the  funda- 
mentals of  engineering. 

Very  few  people  realize  the  importance  of  power  to  modern 
civilization.  In  the  United  States,  for  instance,  at  least  nine 
tenths  of  the  work  is  done  by  mechanical  energy.  At  the  end 
of  the  Revolutionary  War  it  was  done  by  man,  or  by  man 
with  the  assistance  of  a  few  horses,  but  now  it  is  supplied  by 
the  combustion  of  coal,  by  the  development  of  our  water- 
power,  and  even  by  the  use  of  the  wind.  With  more  than 
nine  tenths  of  our  work  done  by  machinery,  what  are  we 
coming  to  unless  the  fundamental  education  of  the  world 
takes  note  of  that  fact  and  through  the  right  kind  of  training 
informs  its  students  just  what  the  use  of  fuel  on  a  great  scale 
means  to  the  future?  The  coal  dealer  knows  nothing  about 
the  waste  of  coal,  nor  the  miner,  although  his  executive  man- 
ager may  have  graduated  from  the  mining  school. 

What  are  the  engineering  societies  going  to  do  about  all 
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this?  Are  we  going  to  stand  before  the  open  door  of  oppor- 
tunity and  wait  for  another  generation  to  mess  things  up? 
"We  cannot,  we  must  not.  The  life  and  wellbeing  of  all  this 
nation  are  far  more  dependent  upon  us  than  upon  any  other 
class.  Let  us  only  direct  our  attention  that  way  and  our  men 
will  educate  tliemselves  after  leaving  college.  One  of  the 
greatest  mistakes  made  by  a  great  body  of  men  in  our  pro- 
fession is  that  they  are  educated  for  the  profession  by  gradu- 
ating from  a  technical  college  and  that  men  cannot  learn 
ani^-thiug  not  begun  in  college.  "While  there  are  happy  ex- 
ceptions to  this  fallacious  idea,  nevertheless  our  profession  is 
more  or  less  unprogressive  in  taking  up  new  phases  of  life  in 
America  that  really  belong  to  the  engineering  profession. 
^Lr.  Taylor  gave  us  the  germ  of  real  efficiency  in  our  manu- 
factures but  he  went  no  further  than  man  as  a  machine.  He 
taught  us  little  about  the  effect  of  engineering  education  upon 
the  general  business  of  our  country,  or  the  effect  of  his  system 
upon  the  individual. 

While  the  membership  of  engineering  societies  is  made  up 
largely  of  graduates  from  the  engineering  departments  of 
universities  or  from  technical  schools  in  which  engineering  is 
taught  as  a  profession,  we  must  remember  that  the  whole 
attitude  of  men  in  transportation  and  the  industries  has 
changed.  There  is  a  cordiality  towards  the  college  man  that 
did  not  exist  twenty  years  ago,  but  it  is  not  clear  that  the 
engineering  graduate  has  succeeded  in  demonstrating  his  high 
qualifications  for  much  outside  of  the  drafting  room  and  the 
technical  routine.  There  are  many  examples  of  individuals 
graduated  from  engineering  schools  who  have  proven  their 
capacity  for  high  places,  but  the  average  of  the  rank  and  file 
still  has  much  to  learn.  The  world  is  in  desperate  need  of 
executives  who  have  been  trained  for  their  work  and  who 
have  an  intelligent  understanding  of  something  more  than  the 
technicalities  of  their  business  and  their  profession. 

"VSliat  shall  this  new  training  become  and  how  far  are  the 
colleges  procuring  it?  It  is  often  stated  that  the  most  valu- 
able  qualities   coming   out    of   a   college   are    character   and 
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breadth.  The  common  mistake,  however,  is  in  treating  these 
qualities  as  peculiarly  a  college  product.  As  a  matter  of  fact 
what  we  need  most  is  men  to  do  the  work  of  this  country  and 
that  is  the  first  duty  of  every  engineering  school.  The  word 
"character"  is  very  loosely  used  and  it  applies  to  the  law 
schools  and  medical  schools  and  to  every  other  school  .iust 
as  much  as  it  applies  to  technical  schools.  It  is  perfect  folly 
to  generalize  on  character  as  the  principal  thing  for  the 
engineering  profession.  It  is  the  principal  thing  for  every- 
thing. The  word  "breadth"  is  also  used  very  vaguely. 
Necessarily  if  a  young  man  is  going  into  the  industries  he 
should  have  a  clear  understanding  of  the  tendency  of  the 
times  and  a  better  understanding  of  the  ideals  of  his  own 
country.  A  boy  learns  breadth  at  his  mother's  knee.  It 
certainly  means  human  understanding  and  sympathy  with 
the  needs  of  other  people.  Ordinarily  the  colleges  when  they 
discuss  breadth  apply  it  to  an  all-around  knowledge  of  litera- 
ture and  science,  a  knowledge  which  amounts  to  nothing  with- 
out the  human  sympathy  which  enables  men  to  deal  justly 
and  fairly  with  the  human  problems  in  all  our  national 
activities.  An  advantage  gained  from  college  is  contact  with 
one's  equals.  That  alone  will  do  more  for  students  than  most 
of  the  education  to  be  found  in  the  classrooms  where  the 
breadth  is  usually  lacking. 

And  yet  there  is  a  necessity  of  keeping  our  engineering 
schools  up  to  the  times  and  they  need  the  help  and  intiuence 
of  engineering  societies  towards  that  end.  We  rarely  give 
back  to  the  schools  from  which  we  graduated  the  result  of  our 
experience  as  related  to  the  course  of  studies.  Most  criticism 
is  flippant  or  ill-considered.  Graduates  customarily  complain 
that  what  they  studied  is  either  useless  or  had  no  bearing 
upon  the  problems  of  life. 

When  the  Society  for  the  Promotion  of  Engineering  Edu- 
cation was  formed,  it  had  a  definite  goal  in  view.  Its  new 
members  hoped  it  might  become  an  important  influence 
towards  unifying  and  standardizing  the  methods  of  technical 
education  and  that  it  might  also  tend  to  introduce  a  certain 
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outlook  upon  the  profession  that  would  help  to  lift  the  stand- 
ing of  engineering  graduates.  It  has  served  a  useful  pur- 
pose but  it  has  never  formulated  any  program  under  which 
all  engineering  societies  could  work  together  to  serve  educa- 
tion in  some  form.  A  few  years  ago,  through  this  society, 
a  committee  representing  the  civil,  mechanical,  electrical  and 
mining  engineers  was  appointed  to  bring  in  a  report  on  the 
education  of  engineers  but  their  work  was  a  failure  until  the 
Carnegie  Foundation  was  called  into  consultation.  It  seems 
discreditable  as  we  look  back  to  think  that  our  societies  in 
cooperation  with  the  Society  for  the  Promotion  of  Engineer- 
ing Education  could  not  produce  a  good  report  on  the  prepa- 
ration of  their  own  men  for  their  own  profession. 

The  purpose  of  this  paper  is  to  offer  to  our  membership  an 
opportunity  for  discussing  the  function  of  societies  in  educa- 
tion and  the  best  method  of  making  them  useful  to  educa- 
tional institution.  Part  of  the  futility  of  such  relations  in 
the  past  has  been  as  much  due  to  the  college  as  to  the  engi- 
neering societies.  No  good  way  seems  to  have  been  generally 
adopted  for  giving  students  the  time  to  benefit  by  contact 
with  engineering  societies,  to  obtain  the  outlook  that  older 
men  inight  be  able  to  give  them.  The  years  have  brought 
many  changes  and  one  of  those  changes  is  the  very  general 
recognition  by  educators  that  while  students  may  not  have 
the  time  for  intimate  study  of  the  industrial  life  of  a  nation, 
they  should  at  least  have  some  glimpse  of  their  opportunities. 
Most  of  the  larger  societies  have  encouraged  the  organization 
of  student  branches  and  to  some  extent  this  movement  has 
succeeded. 

While  this  is  not  a  paper  on  education,  it  will  do  no  harm 
to  state  very  briefly  what  the  graduate  of  an  engineering 
school  should  carry  away  from  his  alma  mater. 

1.  In  the  first  place,  he  should  have  had  a  first-rate  knowl- 
edge of  the  fundamentals  that  underlie  his  profession.  That 
would  include  Englisli,  usually  badly  written  by  young  engi- 
neers; mathematics,  rarely  understood  or  in  practical  use 
beyond  trigonometry;  and  the  physical  sciences  not  sufficiently 
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emphasized  in  the  ordinary  four-year  courses.  Foreign  lan- 
guages are  not  usually  understood  at  all.  It  is  doubtful  if 
they  really  serve  any  highly  useful  purpose.  This  sounds 
like  heresy  and  yet  if  the  time  given  to  German  and  French 
were  put  into  English,  especially  into  the  practical  and  proper 
presentation  of  all  subjects  that  are  studied  at  college,  we 
should  be  much  better  off  as  a  profession.  The  old  idea  that 
the  study  of  modern  language  is  enlightening  and  broaden- 
ing is  a  pleasing  illusion  as  the  languages  have  been  taught 
in  the  United  States.  Few  students  ever  get  much  beyond 
the  grammar  and  none  ever  get  to  the  point  of  speaking  a 
foreign  language  through  study  in  the  United  States.  There 
is  a  common  thought  that  calculus  is  like  a  dose  of  medicine 
which  must  be  taken  to  cure  the  patient  but  is  of  no  use  after- 
wards. As  a  matter  of  fact,  calculus  is  the  concept  through 
which  we  learn  the  mechanics  at  the  base  of  all  engineering 
and  students  ought  to  be  required  to  know  the  subject  better 
as  the  *  chief  foundation  on  which  their  profession  rests.  I 
know  that  many  practical  engineers  have  done  good  work 
without  a  knowledge  of  calculus.  Some  of  their  work  has 
lasted  for  centuries.  At  the  same  time  we  are  considering 
here  the  education  of  thousands  of  average  men  who  are  not 
geniuses,  often  not  even  talented,  into  useful  members  of  our 
profession.  What  applies  to  the  natural  born  engineer  does 
not  at  all  apply  to  them.  Too  much  cannot  be  said  about  the 
writing  of  English.  INIost  of  us  feel  more  or  less  cramped 
through  a  certain  lack  of  power  to  express  accurately  our 
thoughts  and  we  have  few  or  no  books  on  engineering  that 
are  well  written. 

2.  The  second  element  in  the  education  of  an  engineer  is 
necessarily  made  up  of  technical  or  professional  subjects. 
Often  these  are  mixed  in  with  the  fundamentals.  For  in- 
stance, when  we  study  the  applications  of  mechanics,  we 
usually  study  at  the  same  time,  the  mathematics  of  mechanics 
and  we  apply  the  methods  to  technical  design  and  construc- 
tion. It  is  not  necessary  to  dwell  on  this  part  of  the  engineers' 
training,  as  we  all  know  about  it.     If  w^e  have  any  fault  at 
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all,  it  is  in  overdoing  the  information  side,  and  in  yielding 
too  much  to  fads. 

3.  This  third  aspect  of  the  engineer's  experience  at  school 
is  rarely  much  considered  and  yet  it  may  become  relatively 
important.  It  is  the  side  of  the  school  curriculum  on  which 
the  engineering  societies  may  have  most  influence.  It  might 
be  called  glimpses  into  the  future.  It  is  like  running  through 
a  book  to  show  a  student  what  he  ought  to  study  for  gradu- 
ation; to  indicate  what  are  likely  to  be  the  developments  in 
his  countrj',  especially  along  industrial  lines.  A  student  takes 
economics  and  he  has  not  the  time  to  get  more  than  a  few 
principles,  but  he  can  have  his  attention  directed  to  economics 
in  industry  and  can  learn  that  economics  usualh'  involve 
vastly  more  than  what  is  ordinarily  found  in  books.  There 
is  the  human  problem,  the  health  problem,  the  wage  problem, 
the  hour  problem,  all  as  applied  to  the  development  of  each 
man  as  an  individual.  It  is  only  necessary  to  direct  the  stu- 
dent's attention  and  to  interest  him  in  continuing  his  edu- 
cation after  graduation  along  lines  that  will  reconcile  the 
conflicting  forces  in  modern  industries.  It  might  be  well  to 
name  all  those  subjects  that  relate  to  an  engineer's  life  after 
graduation,  the  extras  of  his  education.  They  can  possibly 
be  omitted  in  college  but  they  must  ultimately  be  learned  if 
our  profession  is  to  fulfill  its  highest  function  in  modern 
civilization. 

There  is  a  constant  temptation  to  modify  the  courses  in 
engineering  schools  in  accordance  with  the  ideas  of  certain 
advocates  of  reform,  but  it  is  doubtful  if  any  good  substitute 
has  yet  been  put  forward  for  four  years  in  the  fundamentals 
of  engineering  and  in  enough  of  the  technical  branches  to 
begin  to  learn  the  profession  after  graduation.  The  extras 
that  liave  been  referred  to  can  never  be  learned  in  college  and 
it  is  extremely  doubtful  if  the  student  ought  to  be  subjected 
to  the  fads  of  teachers  who  do  not  agree  on  what  the  modern 
education  of  a  boy  should  be.  We  know  that  there  is  such  a 
thing  as  human  engineering  and  we,  as  members  of  engineer- 
ing societies,  can  direct  attention  to  it,  but  no  teacher  can 
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make  that  a  major  subject  in  his  course  without  harm  to  the 
schedule  of  studies.  We  know  also  that  there  is  such  a  thing 
as  safety  engineering,  but  all  that  we  can  hope  to  do  in  a  four- 
year  course  is  to  stretch  the  mind  of  the  student  in  such  a  way 
as  to  enable  him  to  take  in  the  necessity  for  safety  and  the 
safety  appliances  commonly  used,  without  any  course  of  study 
on  them.  Here  again,  I  am  not  proposing  to  raise  a  dis- 
cussion on  systems  of  education,  but  rather  to  emphasize  the 
necessity  of  adding  a  number  of  proposed  subjects  only  as 
"frills"  in  the  hope  that  the  engineering  societies  may  assist 
in  the  right  way. 

The  question  to  be  asked  is :  How  are  the  societies  to  do 
their  share?  All  of  them  ought  to  take  part  in  the  education 
of  men  who  enter  their  professions.  I  cite  only  one.  The 
American  Society  of.  Mechanical  Engineers  has  student 
branches  amongst  students  in  those  colleges  having  substantial 
departments  of  mechanical  engineering.  The  following  re- 
port has  come  out  of  numerous  meetings  of  a  committee  now 
called  "The  Committee  on  Relations  with  Colleges."  I  sent 
synopses  to  some  of  the  college  in  order  to  invite  criticism, 
and  the  whole  matter  is  placed  here  for  discussion  on  the  part 
of  our  society. 

To  THE  Honorable  Council  of  the  A.  S.  M.  E. 

Gentlemen:  Your  Committee  on  Relations  with  Colleges  begs  to  sub- 
mit  the   following  report   and   recommendations: 

The  ineffectiveness  of  our  relations  with  colleges  seems  due  to  lack 
of  a  definite  program,  a  failure  in  coordination  between  the  parent 
Society  and  the  student  branches,  and  a  resultant  reliance  upon  the 
initiative  of  a  few  individuals  whose  interest  fluctuates  from  year  to 
year. 

While  nothing  should  be  doue  to  disturb  the  present  autonomy  of  the 
student  branches  we  would  recommend  an  addition  to  the  By-Laws  as 
follows : 

Each  student  branch  shall  annually  elect  one  of  its  members  to 
serve  as  Corresponding  Secretary.  He  may  receive  a  nominal  re- 
muneration and  expense  account  from  the  Society.  His  duties 
shall  be  those  ordinarily  attached  to  such  a  position  and  in  addi- 
tion thereto  he  shall  be  responsible  for  the  maintenance  of  records 
and  serve  as  channel  of  communication  with  the  parent  Society. 
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In  this  way  there  will  be  established  a  tangible  official  connection 
through  which  suggestions  from  the  Society  may  be  made  leading 
toward  continuity  of  policy  and  interest.  In  pursuance  of  this  plan  a 
further  addition  to  the  By-Laws  as  follows  would  be  desirable: 

The  Society  shall  issue  every  spring  a  syllabus  or  suggestion  of 
some  one  subject  or  subjects,  for  consideration  for  the  following  year. 

It  is  understood  that  this  is  to  be  done  merely  by  way  of  helpful 
advice  or  guidance  and  involves  no  element  of  dictation,  but  on  the 
contrary  that  individual  initiative  on  the  part  of  the  branches  is  to  be 
vigorously  encouraged. 

At  present  the  activities  of  the  student  branches — while  no  two  col- 
leges have  exactly  the  same  methods- — may  be  grouped  under  the  follow- 
ing heads: 

1.  To  get  outside  lecturers  on  technical  subjects. 

2.  To  get  outside  lecturers  on  non-technical  subjects. 

3.  To    get    salesmen    or    agents    from    manufacturers    to    describe    their 

product,  usually  illustrating  with  a  stereopticon. 

4.  To  obtain  lecturers  on  general  subjects  from  members  of  the  general 

faculty   with   which   the   engineering  department   is   connected. 

5.  To  encourage  students  to  speak  on  their  feet  in  public  meetings   (o) 

by  giving  them  the  periodicals  and  books  to  be  reviewed  orally; 
(&)  by  having  the  results  of  theses,  investigations,  and  technical 
work  conducted  by  the  student,  described;  (c)  by  the  delivery  of 
brief  addresses  on  non-technical  subjects. 

6.  To    broaden    the    contact    with    engineering    by    joint    meetings   with 

other  branches  of  engineering  in   the   student  engineering  society. 

7.  To    bring    students    together,    mainly    for    social    purposes    and    for 

making  them  acquainted  with  A.  S.  M.  E.  and  its  usefulness  to  them 
personally. 

8.  To  teach  them  initiative  by  non-interference  in  the  student  branches, 

thus  leaving  to  them  all  activities  outside  the  classroom. 
These  are  all  to  be  commended.     By  way,  however,  of  a  suggested  list 
of  topics   (such  as  contemplated  under  the  proposed  By-Law)    the  fol- 
lowing may  be  enumerated  as  well  worthy  today  of  consideration  by  a 
student  branch. 

1.  The  general  effect  of  the  Peace  Conference  and  the  League  of 
Nations  upon  the  work  of  the  engineer,  especially  in  commercial  life  of 
the  nation  during  the  next  generation. 

2.  The  method  by  which  war  disorganizes  industries  and  the  work 
of  reconstruction  that  invariably  follows  every  war.  The  general  re- 
construction that  must  follow   this  war  in  all   the  belligerent  countries. 

3.  Standardization  for  manufacture  and  the  effect  of  this  war  in 
forcing  engineers  and  manufacturers  to  reduce  the  number  of  parts  and 
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to  simplify  construet'on  of  all  kinds  of  machines.     Standardization  for 
gims  and  munitions. 

4.  Conservation  of  national  resources  including  fuel,  water,  soil, 
forests  and  minerals. 

5.  Labor  and  the  complete  readjustment  of  society  in  order  that 
employer  and  employee  may  live  together  in  peace.  Examples  of  the 
solution  of  problems  in   different  manufacturing  companies. 

6.  The  problems  of  transportation,  national  and  private  ownership, 
and  the  changes  consequent  upon  improvements  and  rapidity  of  trans- 
portation. 

In  the  judgment  of  your  committee  it  is  advisable  that  time  for  the 
activities  of  the  student  branch  should  be  taken  from  the  present  de- 
mands upon  the  student  so  that  they  may  not  become  of  the  nature 
of  additional  courses  of  study  and  that  credit  may  or  may  not  be  given 
in  accordance  with  the  conditions  that  prevail  in  each  college.  Eecog- 
nition  should  in  all  cases  come  from  the  parent  Society  since  this  will 
foster  closeness  of  relationship.  It  may  take  the  form  of  an  extension 
of  the  present  system  of  Student  Prizes  such  as  Certificates  of  Award, 
for  those  papers  which  merit  recognition,  even  though  they  fail  to  win 
one  of  the  prizes.  Gift  or  loan  scholarships  may  also  be  provided. 
The  details  of  this  would  require  knowledge  of  the  funds  available  and 
could  be  worked  out  by  the  committee  for  later  recommendation  to  the 
Council  if  the  general  idea  meets  with  approval. 

The  Committee  submits  herewith  certain  recommendations  for  con- 
sideration and  approval  of  the  Council.  It  may  be  wise  to  specify 
that  in  approving  these  resolutions  both  the  Council  and  the  Committee 
regard  them  as  a  tentative  method  of  working  out  our  relations  with  the 
education  of  men  for  our  profession,  to  be  modified  and  extended  as 
experience  proves  their  effectiveness  toward  the  purpose  in  view. 

1.  An  addition  to  the  By-Laws  as  follows: 

Each  student  branch  shall  annually  elect  one  of  its  members  to 
serve  as  Corresponding  Secretary.  He  may  receive  a  nominal  re- 
muneration and  expense  account  from  the  Society.  His  duties 
shall  be  those  ordinarily  attached  to  such  a  position  and  in  addi- 
tion thereto  he  shall  be  responsible  for  the  maintenance  of  records 
and  serve  as  channel  of  communication  with  the  parent  Society. 

2.  An   addition  to  the  By-Laws  as  follows : 

The  Society  shall  issue  every  spring  a  syllabus  or  suggestion  of 
some  object  or  subjects  for  consideration  for  the  following  year. 

3.  The  authorization  of  ten  scholarships,  not  to  exceed  $200.00  each, 
to  be  awarded  under  rules  prepared  and  administered  by  the  Committee 
on  Relations  with  Colleges. 

4.  The  setting  aside  of  a  fund  to  be  invested  in  loans  for  deserving 
students,  to  be  administered  bv  the  Committee. 
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5.  The  authorization  of  the  necessary  expense  for  sending  a  represen- 
tative of  the  Soeietv  to  visit  student  branches,  preferabv  selecting  one 
or  more  members  of  the  Committee  on  Belations  with  Colleges  for  this 
service. 

6.  That  the  Committee  on  Eelations  with  Colleges  be  instructed  to 
encourage  cooperation  among  the  different  branches  of  engineering  in 
college  as  well  as  among  the  different  student  branches  in  the  different 
colleges. 

7.  That  the  Committee  on  Relations  with  Colleges  be  instructed  to 
encourage  the  students  to  conduct  the  affairs  of  the  branch  themselves 
rather  than  to  depend  solely  upon  faculty  direction  or  supervision. 

8.  That  the  President  of  the  Society  either  personally  or  through  the 
Committee,  be  requested  to  confer  with  the  Engineering  Societies,  look- 
ing to  cooperative  effort  in  connection  with  education. 

9.  That  the  Local  Sections  of  the  Society  be  requested  to  interest 
themselves  in  the  student  branches  within  their  localities. 

10.  That  the  organization  of  student  branches  be  left  with  the  Com- 
mittee on  Belations  with  Colleges  subject  to  the  approval  of  the  Council. 

11.  That,  so  far  as  it  seems  advisable  and  possible,  the  Society, 
through  its  committee,  assist  the  student  branches  in  obtaining  from 
time  to  time  a  few  good  lecturers  from  the  outside. 

12.  That  a  student  who  has  done  the  mo?t  effective  work  in  a  student 
branith  in  his  senior  year  may  be  elected  to  junior  membership  in  the 
Soeiety  upon  graduation  by  the  student  branch,  and  that  the  Society 
remit  the  Initiation  Fee  and  dues  for  the  first  year. 

13.  That  the  present  system  of  Student  Prizes  be  continued,  and, 
if  found  possible  and  advisable,  extended.  Ira  X.  Hollis, 

JoHX  R.  Allex, 
Joseph  W.  Roe. 
"William  B.  Gkegory, 
GriDO  H.  Marx. 

This  report  went  before  the  council  and  has  been  modified 
to  enable  the  society  to  cany  out  some  of  its  suggestions,  but 
as  a  whole,  it  has  seemed  too  heavy  a  proposition.  Take  the 
case  of  a  syllabus,  which  might  become  important.  That  has 
not  been  done  at  all  and  I  think  it  might  well  be  taken  up  by 
the  Soeiety  for  the  Promotion  of  Engineering  Education,  the 
syllabus  to  contain  a  number  of  questions  and  titles 'that 
graduates  from  engineering  schools  ought  to  understand. 
^lany  of  them  can  be  studied  very  well  by  the  students  them- 
selves without  much  guidance  from  their  teachers. 


ENGINEERING    SOCIETIES    AND    EDUCATION.  97 

The  principal  question  raised  here  is  whether  the  schools 
ought  to  be  more  definite  in  setting  apart  hours  for  study  and 
discussion  relating  to  the  outlook  of  engineering  and  its  con- 
nection with  the  industries  after  young  men  graduate.  I  have 
written  the  following  letter  to  a  few  teachers  and  I  am  in- 
serting their  replies  in  the  hope  that  they  may  benefit  others 
as  well  as  they  have  benefited  me. 

Worcester  Polytechnic  Institute, 
Worcester,    Massachusetts, 

April  8,  1920. 
My  dear  Sir:  I  have  begun  the  preparation  of  a  paper  to  be  pre- 
sented at  the  next  meeting  of  the  Society  for  the  Promotion  of  Engi- 
neering Education.  It  relates  to  the  hours  given  to  Student  Branches 
of  Engineering  Societies  entirely  outside  of  the  regular  schedule,  or,  in 
some  cases,  forming  part  of  the  regular  schedule  as  stated  in  the  col- 
lege catalogs.  We  might  call  these  extra  hours  seminar  hours.  I  find 
a  great  difference  of  practice  and  I  am  bringing  the  whole  matter  up 
before  the  Society  in  order  to  arouse  discussion  as  to  the  value  of  such 
hours.  Will  you  not  write  for  me  something  that  can  be  published  in 
the  Society  transactions  as  to  the  practice  in  your  place?  In  general, 
the  questions  I  am  trying  to  answer  in  my  own  paper  are  as  follows: 

1.  Should  an  engineering  college  encourage  regular  meetings  of  stu- 
dent engineering  societies? 

2.  Should  the  hours  given  to  such  meetings  be  added  to  the  schedule 
of  studies  or  should  they  be  part  of  the  schedule,  time  being  allowed 
out  of  the  lessons  and  preparation  devoted  to  the  regular  work? 

3.  It  has  been  suggested  in  a  number  of  places  that  the  topics  taken 
up  in  the  meeting  hours  should  be  entirely  outside  of  the  classroom  sub- 
jects.    Is  this  the  practice  in  your  place? 

4.  Should  such  meetings  be  conducted  entirely  by  the  students  or 
through  the  help  of  professors  and  outsiders? 

5.  How  far  have  commercial  firms  been  encouraged  to  send  represen- 
tatives to  such  meetings. 

I  have  no  wish  to  confine  you  to  these  questions.  My  only  hope  is  in 
bringing  about  a  better  understanding  among  engineering  colleges  as  to 
the  best  method  of  introducing  technical  students  to  the  larger  questions 
relating  to  the  industries  and  business. 

This  matter  has  been  considered  by  a  Committee  of  the  American 
Society  of  Mechanical  Engineers,  but  I  hope  that  it  may  be  extended  to 
all  national  engineering  societies  and  may  be  useful  in  the  promotion 
of  a  fine  broad  education  for  all  men  who  are  going  into  our  profession. 

I  am  hoping  very  much  that  we  may  have  an  interesting  conference 
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on  Student  Societies  at   the  next  annual  meeting  of  the   S.   P.   E.  E. 
There  is  no  one  tenn  to  designate  the  hours  for  these  meetings.     I  have 
called  them  seminar  hours  but  that  is  somewhat  awkward  as  the  word 
' '  seminar ' '  mav  lead  to  a  confusion  of  ideas  at  different  universities. 
Please  do  not  feel  that  vou  have  to  limit  vourself  in  vour  reply. 

Yours  very  truly, 

I  leave  this  letter  for  the  consideration  of  other  members  of 
our  society.  It  was  quite  impossible  for  me  to  communicate 
with  all  of  them.  Of  one  thing  I  am  definitely  certain  and 
that  is,  in  all  colleges  not  enough  is  made  of,  first,  the  value 
of  correct  expression  and,  second,  the  knowledge  of  what  the 
engineering  profession  opens  up  to  its  members.  Every  col- 
lege ought  to  have  its  hour,  at  least  once  a  week,  set  apart  for 
the  extras  and  it  ought  to  be  carried  out  in  some  systematic 
way.  If  the  engineering  societies  of  the  country  could  only 
unite  enough  to  support  a  small  Bureau  of  Education  with  its 
lectures  and  teachers  for  general  service  throughout  the  coun- 
try, they  could  be  of  inestimable  benefit  to  engineering. 

These  societies  have  a  real  duty  to  assist  in  making  a  better 
profession  and  better  membership.  It  can  be  done  only  by 
beginning  in  the  schools.  The  principal  difficulty  with  our 
Student  Branches  is  that  they  have  no  really  satisfactory  con- 
tact with  the  societies  and  they  are  more  or  less  inert.  Their 
vitality  fluctuates  from  year  to  year  and  their  value  to  the 
students  averages  very  low  except  when  they  are  stimulated 
by  professors  who  take  an  interest.  Last  year  the  A.  S.  ^1.  E. 
found  it  expedient  to  revise  its  Committee  on  .  Student 
Branches  and  to  change  the  name  to  the  Committee  on  Rela- 
tions with  Colleges.  This  was  done  from  a  high  sense  of  duty 
and  there  was  some  correspondence  with  the  Society  for  the 
Promotion  of  Engineering  Education.  A  committee  of  our 
society  was  appointed,  consisting  of 

C.   L.   ilEEs,   Chairmaii,  Rose  Poly.   Inst., 
A.  B.  ;McDaniel,  Union  College, 
W.  S.  Rodman,  University  of  Virginia, 
E.  A.  FES.SENDEN.  Pcnna.  State  College. 
L.  ^I.  Defoe,  University  of  Missouri, 
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to  cooperate,  but  on  account  of  great  pressure  and  other 
things,  no  meetings  were  held.  The  success  of  any  plan  de- 
pends largely  upon  the  attitude  of  mind  of  the  faculties,  how 
far  they  permit  students  to  give  their  time  to  discussions  and 
to  work  under  the  influence  of  American  societies.  After  an 
extended  correspondence  with  the  engineering  schools,  it  is 
quite  evident  that  practice  varies  somewhat.  Shall  work  or 
activities  of  Student  Branches  have  recognition  as  part  of  the 
work  towards  a  degree,  at  the  expense  of  sacrificing  to  some 
extent  the  technical  courses?  The  average  time  required  for 
an  engineering  schedule  is  in  the  neighborhood  of  fifty  hours 
a  week,  including  recitations,  lectures,  laboratories  and  prepa- 
ration. Should  the  hours  given  to  student  discussion  be  in- 
cluded in  this  fifty  hours  ?  It  is  in  some  colleges ;  it  is  not  in 
others,  and  opinion  varies.  The  hours  turned  over  to  stu- 
dents for  discussion  either  with  or  without  their  professors 
might  well  be  called  "seminar  hours"  such  as  we  find  in  the 
large  universities  for  economics,  history  and  other  subjects. 
They  might  be  utilized  by  small  groups  of  students,  or  by 
Student  Branches,  or  by  the  students  as  a  whole. 

While  the  A:  S.  ~Sl.  E.  may  do  some  good  through  its 
branches,  the  whole  subject  of  student  engineering  soeieties 
ought  to  be  taken  up  by  the  Society  for  the  Promotion"  of 
Engineering  Education  through  a  fairly  comprehensive  com- 
mittee. This  society  ought  to  make  an  effort  to  bring  about  a 
substantial  agreement  amongst  all  the  engineering  societies 
towards  the  exercise  of  some  function  on  their  part  to  assist 
young  graduates  into  better  contact  with  their  profession.  T 
repeat  this  is  not  intended  to  be  a  reform  in  education  or  a 
replacement  of  fundamental  courses  b.y  "frills,"  but  rather 
a  larger  outlook  on  engineering  through  the  meetings  of  stu- 
dents and  the  cooperation  of  the  societies  towards  making 
those  meetings  really  fruitful. 

In  answering  the  question,  what  is  the  good  of  student 
branches  of  any  engineering  societies,  one  might  say  that  there 
is  very  little  good  if  confined  to  generalizations.  .  I  have  visited 
]nany  colleges  and  I  believe  that  not  enough  is  made  of  stu- 
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dent  discussions.  The  lectures  commonly  brought  in  from  the 
outside  are  often  in  the  air  and  they  do  not  afford  any  great 
amount  of  stimulus.  A  num]>er  of  letters  which  I  am  append- 
ing will  show  fairly  well  the  practice  in  other  colleges.  They 
are  well  worth  publication  for  the  benefit  of  this  society  and 
some  synopses  may  be  made.  The  important  thing  is  a  larger 
committee  to  consider  this  whole  question  of  extras  and  per- 
haps of  reforms  in  our  system  of  education. 

March  30,  1920. 
Accompanying  plea=e  find  response  to  your  questionnaire  of  March  6th 
together  with  a  few  suggestions. 

1.  Yes. 

2.  If  the  number  of  hours  exceeds  52  per  week,  laboratory  recitation 
and  preparation — 3  hrs.  laboratory  equalling  1  recitation.  Extra  hours 
should  not  be  added  to  the  schedule.  50  to  52  hrs.  per  week  seems  a 
sufficiently  heavy  schedule  of  work  for  the  best  results. 

3.  If  possible  attendance  upon  meeting  of  "Engineering  Societies" 
should  not  be  made  compulsory^  a  part  of  the  regular  schedule.  Some 
method  of  giving  credit  to  students,  other  than  the  required  credits, 
should  be  devised  for  those  who  by  attending  these  meetings  show  a 
desire  to  broaden  their  education  and  evince  a  live  interest  in  their 
work  and  a  disposition  to  benefit  as  much  as  possible  from  the  oppor- 
tunities offered. 

4.  It  certainly  is  desirable  to  do  this.  Every  department  in  Engi- 
neering, especially  the  Economics  department,  may  properly  give  some 
time  to  the  discussion  of  related  problems.  If  the  time  equivalent  of 
one  lecture  per  week  be  taken  from  the  regular  scheduled  hours  of  four 
or  five  departments  the  loss  of  time  from  the  regular  exercises  in  each 
department  will  be  very  small.  A  definite  programme  of  subjects,  etc., 
should  be  prepared  in  conference  between  the  heads  of  departments, 
subjects  selected  and  assigned  to  the  department  where  they  can  be  best 
treated  and  the  work  coordinated.  These  forming  a  part  of  the  regular 
exercise  would  be  compulsory  and  credited  in  the  ordinary  manner. 
Members  of  Engineering  Societies  should  suggest  definite  subjects  to 
colleges  for  such  a  programme. 

5.  In  general  subjects  prepared  at  student  meetings  should  be  pre- 
sented and  discussed  by  them.  As  far  as  possible  students  should  have 
the  management  of  these  meetings.  Professors  will  be  needed  in  an 
advisory  capacity  and  will  probably  have  to  take  part  in  the  discussion- 
to  direct  them  into  proper  channels  and  stimulate  them.  It  is  very 
desirable  that  more  than  one  professor  or  instructor  be  present,  espe- 
cially from  other  departments  related  to  the  ones  which  for  the  meeting 
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sponsor  the  discussion.     Interest  shown  by  the  faeultv  will  react  strongly 
upon  students. 

6.  Commercial  firms  should  be  encouraged  to  send  representatives 
capable  of  giving  interesting  and  instructive  talks  upon  their  operations 
to  such  meetings,  provide  slides  for  illustration  and  if  practicable 
samples  of  product  or  steps  of  operation  in  production.  Offers  for  such 
lectures  should  be  made  not  later  than  .June  for  the  following  school 
year  beginning  in  September  and  give  synopsis  of  proposed  talks.  This 
will  enable  colleges  to  arrange  definite  programmes  for  the  year,  select 
the  lectures  or  exhibits  desired  and  give  time  so  that  colleges  and  manu- 
facturers can  mutually  arrange  a  schedule  and  itinerary  for  the  lectures 
which  will  be  most  economical. 

7.  At  Kose  many  years  ago  there  was  organized  a  so-called  Students 
Scientific  Society  to  meet  the  problem  before  us.  Juniors  and  Seniors 
were  active  members,  Sophomore  and  Freshmen  visiting  and  contributing 
members;  monthly  meetings  were  to  be  held,  etc.  The  results  have  not 
been  entirely  satisfactory.  Sometimes  much  interest  was  evinced,  at 
other  times  none,  in  general  the  success  depended  upon  the  organizing 
ability,  activity  and  initiative  of  the  student  officers  and  upon  the  real 
interest  developed  in  the  first  meeting  or  two. 

For  some  years  there  has  been  maintained  a  student  Branch  A.  I. 
E.  E..  with  fairly  satisfactory  results,  though  the  burden  of  providing 
programmes,  etc..  usually  fell  upon  the  professor.  Attendance  volun- 
tary, meetings  in  the  evening. 

In  several  departments  there  has  been  carried  on  an  exercise,  scheduled 
as  a  Journal  Eeview  in  some  weekly,  in  others  monthly.  The  tim^  for 
these  was  taken  out  of  the  regular  hours  scheduled  for  the  department. 
The  exercises  partook  of  the  nature  of  the  ones  suggested,  a  kind  of 
general  Seminar.  These  were  compulsory  and  credited  in  the  usual 
manner.  They  are  still  carried  on  in  one  department  regularly,  in 
others  sporadically.     Eesults  good. 

In  small  colleges  the  maintenance  of  student  branches  affiliated  with 
national  societies  is  difficult.  To  stir  up  real  interest  requires  an  at- 
tendance of  from  20  to  30  at  a  meeting,  these  must  in  general  come  from 
the  two  upper  classes,  if  voluntary  only  from  25  to  30  per  cent,  of  the 
members  will  be  present  at  each  meeting.  Say  with  a  total  of  from  7.5 
to  150  in  four  branches  of  engineering  this  will  give  an  average  attend- 
ance of  about  5  at  each  meeting,  not  enough  to  create  interest  and 
stimulate  to  effort.  I  believe  that  if  the  several  student  sections  could 
be  organized  into  one  Society,  retaining  their  privileges  in  the  Engi- 
neering Societies  Branches,  better  results  could  be  secured.  Subjects 
selected  for  discussion  should  be  sufficiently  general  to  be  intelligible 
and  of  interest  to  at  least  two  of  the  departments  and  so  scheduled  that 
everv  one  would  at  least  once  a  month  find  upon  the  program  a  lecture 
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of  interest  to  him.  This  will  not  only  provide  for  a  fair  attendance 
but  will  tend  to  broaden  the  student  vision  by  acquainting  him  with 
problems  occurring  in  engineering  related  to  his  own  special  branch. 

If  the  several  Engineering  Societies  would  provide  a  few  lecturers, 
carefully  chosen,  to  visit  the  colleges  and  address  the  student  branches, 
I  believe  splendid  results  would  follow.  A  lecture  from  one  outside  the 
Faculty  will  in  general  make  a  more  lasting  impression  and  create  more 
interest  than  if  given  by  a  member  of  the  faculty  who  gives,  say  100 
lectures  per  term  to  his  class.  A  lecture  of  this  type  on  some  spe- 
cial topic,  if  missed,  is  counted  by  the  student  as  a  one  per  cent.  loss. 
A  non-resident  lecturer,  giving  but  one  lecture,  if  his  discourse  is  un- 
usual, is  counted  a  nearly  100  per  cent.  loss.  A  lecturer  of  distinc- 
tion known  to  the  students  because  of  his  work  in  Engineering  or  repre- 
senting a  great  national  engineering  society^  will  tremendously  stimulate 
the  boys  and  fix  their  interest.  That  young  engineers  should  become 
members  of  engineering  societies  as  early  as  possible  in  their  career 
seems  to  me  most  desirable.  If  he  has  been  a  student  member  of  such 
a  society  in  college  and  if  the  society  has  been  useful  to  him  as  a  stu- 
dent in  bringing  him  in  contact  with  engineers  standing  high  in  their 
profession  he  will  in  all  probability  desire  to  retain  membership  in  the 
Society  feeling  that  he  is  in  a  way  already  known  there  and  is  among 
friends.  This  feeling  can  be  made  very  strong  if  he  has  been  per- 
mitted to  come  in  personal  contact  with  a  representative  of  the  Society 
of  the  right  kind  in  student  meetings.  Thus  student  sections  would 
become  fruitful  feeders  for  the  parent  Society. 

Experience  in  trying  to  maintain  a  large  number  of  sections  of  differ- 
ent engineering  parent  associations  or  keeping  alive  many  small  special- 
ized clubs  in  a  district  has  shown  how  difficult  it  is  to  keep  alive  the 
organizations  and  has  led  to  the  formation  of  larger  organizations  com- 
posed of  the  smaller  sections  without  losing  their  individualit'.es.  so  far 
the  plan  seems  to  work  out  well,  an  example  of  this  is  the  Science  Tech 
Club  of  Indianapolis. 

I  believe  it  would  be  an  excellent  plan  to  have  a  committee  or  mem- 
bers of  the  several  engineering  societies  suggest  to  colleges  and  student 
branches  subjects  for  discussion,  study  or  even  laboratory  investigation, 
briefly  discuss  their  immediate  importance  and  refer  to  sources  of  in- 
formation upon  the  problem.  Practicing  engineers  are  more  familiar 
with  the  immediate  practical  outstanding  problems  in  engineering  than 
college  professions  can  possibly  be,  at  best  it  takes  much  time  before 
they  can  be  presented  in  current  or  permanent  literature.  Often  a 
knowledge  of  a  really  existing  problem  is  the  important  step  towards 
working  out  a  solution.  Such  suggestions  will  be  most  stimulating  to 
the  student,  he  will  have  the  feeling  that  he  is  doing  something  real  in 
engineering,  not  only   going  to  school.     He   will  be   encouraged  to   do 
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extra  work  and  reading.  Should  from  time  to  time  a  student's  work 
be  such  that  (as  even  with  reservation)  it  merits  notice  or  publication  in 
engineering  literature  the  result  will  be  far-reaching  in  animating  him 
to  future  greater  effort. 

Anything  that  partakes  of  the  unusual,  lies  outside  of  the  routine,  is 
attractive  and  commands  interest.  To  make  the  proposed  exercises  of 
that  character  will,  I  believe,  be  profitable  to  students  and  should  be 
pleasurable  to  engineers  who  aid  in  making  engineering  education 
effective. 

Sincerely, 

C.   L.    Mees, 
President  Emeritus, 
Eose    Polytechnic    Institute. 

April   9,    1920. 

Eeferring  to  Question  3  in  your  questionnaire.  The  opinion  is  ex- 
pressed, ' '  That  if  possible  attendance  upon  the  meetings  of  engineering 
societies  should  not  be  made  compulsory  but  methods  devised  by  which 
students  would  be  stimulated  to  take  active  interest  in  these  meetings 
and  make  them  of  real  value. ' ' 

I  have  thought  of  several  ways  to  accomplish  this.  The  means  sug- 
gested may  not  be  practicable.  However,  I  briefly  present  them  to  you 
for  consideration,  criticism  and  discussion. 

In  order  that  all  students  in  colleges  where  several  different  engi- 
neering courses  are  offered  may  be  equally  interested,  the  S.  P.  E.  E. 
should  suggest  to  the  American  Society  of  Civil  Engineering,  the  Ameri- 
can Chemical  Society,  that  provision  be  made  for  the  organization  of 
Student  Sections  similar  to  the  plans  of  the  American  Society  of  Me- 
chanical Engineers  and  the  American  Institute  of  Electrical  Engineers, 
and  that  through  a  committee  of  the  S.  P.  E.  E.  there  be  brought  about 
as  nearly  as  possible  uniformity  in  the  plans  for  the  institution  and 
operation  of  the  sections  of  the  several  parent  Societies. 

For  smaller  institutions  where  it  is  not  practicable  to  maintain  from 
four  to  five  independent  student  sections  of  the  several  parent  associa- 
tions an  organization  somewhat  as  follows  may  be  practicable. 

Organization. 

An  Engineering  Society  to  be  made  up  of  the  Student  Sections  of 
say  the  four  great  national  associations,  A.  S.  M.  E.,  A.  S.  C.  E.,  A.  I. 
E.  E.  and  A.  Ch.  S. 

There  are  to  be  elected  appropriate  officers  for  the  United  Engineer- 
ing Society,  to  manage  general  affairs. 

Student  sections  of  the  several  parent  societies  are  also  to  elect  offi- 
cers as  usually  provided.     The  Chairman  of  Student  Sections  to  rank  as 
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Vice-Presidents  of  the  United  Association.  The  oflScers  of  the  several 
sections  together  with  the  oflScers  of  the  United  Association  constitute 
an  Executive  Committee,  to  coordinate  the  work  of  the  several  sections. 

Each  student  section  to  retain  its  identity  in  so  far  as  affiliation  and 
relation  to  the  national  parent  society  is  concerned. 

This  form  of  organization  is  suggested  so  that  as  large  a  number  of 
students  as  possible  may  be  given  responsible  parts  in  the  operation  of 
the  societies  and  be  given  practice  in  the  executive  work  incident  to 
their  operation. 

Meetings. 

The  program  may  provide  for  one  meeting  of  the  United  Society 
each  week,  the  meetings,  however,  being  under  the  auspices  of  several 
diflferent  student  sections  in  rotation  so  that  each  student  section  will 
be  responsible  for  one  meeting  each  month.  After  any  general  business 
transactions  necessary,  the  meeting  will  be  presided  over  by  the  Vice- 
President  who  is  chairman  of  the  student  section  responsible  for  the 
program  of  the  meeting  upon  that  date. 

Each  engineering  department  concerned  is  to  give  up  one  hour  from 
its  usual  time  allotment  each  month,  if  needed,  to  provide  for  these 
meetings. 

Professors  are  usually  loth  to  yield  time  from  their  regular  allotment 
for  such  related  work.  This  scheme  calls  for  but  one  hour  per  month 
from  each  department  concerned,  to  the  giving  up  of  which  there  should 
be  but  little  objection. 

Papers  and  Lectures. 

These  should  deal  with  more  general  topics  related  to  engineering 
and  of  interest  to  more  than  one  section  of  the  society.  Discussions  are 
to  be  especially  encouraged,  so  that  many  students  will  be  given  prac- 
tical training  in  debate.  Subjects  should  be  announced  in  advance  to 
encourage  preparation  for  discussion. 

When  a  more  important  lecture  is  given  by  a  visiting  lecturer,  each 
student  should  be  required  to  prepare  a  digest  of  the  lecture  in  the 
form  of  an  essay  to  be  submitted  to  a  student  and  faculty  committee 
for   grading  and   credit.      (See   credit.) 

The  object  of  this  provision  is  again  to  engage  as  many  students  as 
possible  in  the  activities  of  the  Society.  It  will  be  impossible  to  have 
each  student  present  a  paper  because  of  the  limited  number  of  meetings. 
The  requirement  that  a  digest  be  prepared  by  each  student  upon  the 
more  formal  lectures  given  by  visitors  in  order  to  receive  credit  as 
provided  will  engage  each  student's  attention.  Subjects  chosen  being 
of  a  more  or  less  general  character  will  make  this  practicable. 
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Credit  and  Grading. 

(A)  Papers  and  digests  are  to  be  graded  by  a  faculty  and  student 
committee,  and  students  are  to  receive  a  percentage  credit  in  the  engi- 
neering department  to  which  the  paper  may  be  related  and  to  which 
the  student  section  of  which  he  may  be  a  member  is  affiliated.  A  per- 
centage credit  shall  also  be  given  in  the  English  Department  based  upon 
the  literary  merit  of  the  paper. 

In  general,  a  student  will  not  be  stimulated  to  extra  eflfort  unless  he 
be  given  some  tangible  recognition  of  his  work.  The  scheme  of  grading 
is  only  suggestive— it  credits  the  student  in  that  he  may  raise  his 
scholastic  mark  by  active  participation  in  the   society  work. 

(B)  Upon  the  record  of  the  institution  and  upon  the  reports  given 
students  a  separate  annotation  shall  be  provided  for,  indicating  the  fact 
that  he  has  or  hasi  not  been  an  active  member  in  his  proper  student 
section,  and  some  estimate  of  the  degree  of  interest  and  activity  shown. 

It  is  believed  that  if  through  some  such  means  there  be  kept  before 
the  student  the  fact  that  evidence  of  interest  and  activity  in  student 
societies  is  rated  as  valuable  he  will  be  further  encouraged  to  take  part 
in  the  work. 

(C)  A  full  roster  of  the  officers  and  student  members  of  the  section 
shall  be  transmitted  to  the  national  parent  society  through  the  faculty- 
student  committee,  and  once  a  year  this  list  should  be  printed  in  the 
proper  publication  of  the  parent  society.  Students  who  have  failed  to 
attend  sixty  per  cent,  of  the  meetings  of  their  respective  sections  shall 
not  be  certified  as  active  members. 

The  appearance  of  a  student  member's  name  in  the  national  parent 
association's  publication  will  be  a  powerful  incentive  to  active  member- 
ship. The  student  will  feel  that  his  effort  is  recognized  not  only  in  the 
college  but  in  the  ranks  of  the  profession  into  which  he  aspires  to  enter. 
He  feels  that  he  has  been  formally  introduced  to  it. 

(D)  In  all  cases  where  a  student  refers  to  his  institution  for  cre- 
dentials and  such  credentials  are  given  to  prospective  employers,  special 
reference  shall  be  made  to  his  having  been  a  voluntary  member  of 
student  engineering  societies,  and  an  estimate  of  his  activity  in  the 
work  of  the  societies  taken  from  the  records  of  the  institution  shall 
be  given. 

Em.ployers  are  usually  more  concerned  about  the  general  personal  and 
mental  characteristics  of  the  applicant,  and  more  desirous  for  informa- 
tion upon  these  than  upon  high  scholastic  standing.  The  scholastic 
marks  as  appearing  upon  the  records  of  the  institution  are  really  the 
property  of  the  student  and  should  not  be  given  out  except  upon  request 
from  the  student.  A  prospective  employer,  however,  has  the  right  to 
ask  for  such   general  information   as  to   attainment,   character  and   dis- 
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position  as  will  enable  him  to  determine  the  applicant's  fitness  for  the 
place  he  seeks.  The  portion  of  the  formal  records  of  the  institution 
specifying  and  estimating  these  characteristics  should  therefore  be  fur- 
nished prospective  employers  if  asked  for.  Such  general  characteristics 
as  faithfulness  of  effort,  dependability,  initiative,  punctuality,  etc.,  are 
supposed  to  be  taken  into  account  in  the  scholastic  grade  which  indi- 
vidual professors  return.  In  mof=t  cases,  however,  they  are  overlooked, 
or  if  taken  into  account  they  are  so  masked  that  no  value  can  be  deduced. 
A  special  record  estimating  these  qualities  should  be  kept. 

The  interest  shown  and  the  activity  of  a  student  in  the  work  of  stu- 
dent engineering  societies  is  helpful  in  judging  of  his  general  personal 
characteristics.  The  student  should  constantly  be  reminded  of  the  im- 
portance an  employer  attaches  to  such  records  and  that  the  employer 
has  a  right  to  ask  that  such  records  be  open  to  his  inspection. 

A  general  estimate  of  the  student's  work  and  characteristics  is  of  such 
value  that  a  separate  series  of  grades  specifying  them  should  become  a 
portion  of  the  college  record.     This  is  done  in  the  Army,  where  qualifi- 
cations  are   rattd    under    appropriate   heads,   and    the    record   has   been 
found  of  as  great  value  as  the  purely  scholastic  grades  in  judging  of  a 
man's   fitness   for   a    certain   place.     These   ratings   should   appear   upon 
the   report  given   the   student.     Such  headings   as 
Personal    Qualities 
Leadership 
General  Intelligence 
suggest   topics   lor   rating. 

Under  personal  qualities;  industry,  dependability,  loyalty,  readiness 
to  assume  responsibility  for  his  own  act,  punctuality,  affability,  and 
ad>lross  are  factors. 

Leadership;  force,  self  reliance,  initiative,  tact,  decisiveness,  courage, 
ability  to  command  loyalty  on  the  part  of  fellows,  and  ability  to  meet 
emergencies,  are  factors. 

General  intelligence;  quickness  of  perception,  accuracy,  ability  to 
grasp  new  points  of  view,  to  find  ways  and  means  to  overcome  diffi- 
culties (even  if  not  orthodox),  scientific  imagination,  and  good  common 
sense  are  factors. 

The  above  are  only  suggestions,  and  are  not  fully  worked  out.  They 
are  offered  with  the  view  to  learn  whether  it  is  believed  worth  while  to 
elaborate  them  and  offer  them  to  the  S.  P.  E.  E.  for  discussion. 

C.  L.  Mees, 

with   approval    of 
Professor  Wagner^  Eose  Polytechnic. 

April  29,  1920. 
I  have  your  letter  of  April  7,  asking  for  information  about  our  prac- 
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tice  in   conneotion   with   student   branches   of  national   engineering  soci- 
eties, and  I  take  pleasure  in  answering  vour  questions  as  follows: 

1.  Without  doubt,  the  engineering  colleges  should  encourage  regular 
meetings   of  student   engineering  societies. 

2.  It  is  our  practice,  and  it  is  mv  opinion,  that  attendance  at  these 
meetings  should  be  regarded  as  extra  activities,  exactly  as  in  the  case 
of  other  general  student  activities,  and  that  no  allowance  should  be 
made  for  such  attendance  in  the  preparation  Of  schedules  of  studies. 

3.  The  officers  of  our  student  societies  make  up  their  own  programs. 
I  feel  that  in  the  main  the  topics  which  are  discussed  should  be  outside 
and  not  connected  with  the  work  of  the  class  room. 

4.  It  seems  to  me  that  if  the  students  are  to  derive  any  practical 
benefit  from  their  engineering  societies,  the  meetings  should  be  con- 
ducted entirely  by  the  students  without  the  help  of  professors,  although 
I  think  that  it  is  desirable  for  members  of  the  Faculty  to  attend  occa- 
sionally and  participate  in  the  discussions  as  individuals  rather  than  as 
Faculty  men.  The  societies  frequently  invite  outside  engineers  to  ad- 
dress them.  I  feel  that  the  students  wiU  receive  the  greatest  benefit 
from  their  society  work  if  they  have  the  responsibility  of  furnishing 
their  own  programs. 

5.  Commercial  firms  frequently  request  permission  to  send  repre- 
sentatives to  address  our  students  about  matters  pertaining  to  their 
activities.  In  many  cases  we  refer  these  requests  to  the  student  soci- 
eties, whose  officers  are  permitted  to  arrange  for  such  lectures. 

We  have  a  considerable  number  of  student  branches  of  national  engi- 
neering societies  at  Illinois,  including  the  Mechanical.  Electrical,  and 
Mining  engineers,  and  the  American  Association  of  Engineers.  I  do 
not  feel  that  it  would  be  feasible  or  desirable  to  give  college  credit  for 
this  work,  nor  do  I  feel  that  the  members  'of  the  Faculty  should  take 
an  undue  part  in  directing  the  activities  of  these  student  branches. 

It  has  been  my  observation  that  the  student  engineering  societies 
function  effectively  in  direct  proportion  to  the  characteristics  of  their 
officers.  When  we  have  officers  of  vigor  and  initiative,  the  work  of  the 
societies  is  effective;  otherwise  it  is  not.  I  do  not  believe  that  much 
would  be  gained,  and  I  fear  that  many  of  the  benefits  of  these  societies 
would  be  lost,  if  members  of  the  Faculty  were  chiefly  responsible  for 
injecting  "pep"  into  their  meetings. 

Yery   cordially   yours, 

C.    E.    ElCHARDS, 

Dean   and   Director. 
College  of  Engineering, 
Universitv  of  Illinois. 
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April  21,  1920. 
I  can  certainly  dictate  a  letter  expressing  my  own  opinions  and  the 
practice  which  we  have  been  carrying  forward  here  at  Yale  in  connec- 
tion with  student  branches  of  engineering  societies.     I  had  best  answer 
your  questions  first. 

1.  I  believe  engineering  colleges  should  encourage  regular  or  special 
meetings  of  student  engineering  societies. 

2.  I  think  that  about  one  half  of  the  hours  devoted  to  the  student 
meetings  might  well  be  taken  from  the  schedule  of  study  hours  but  that 
at  least  one  half  should  be  taken  from  their  own  time  for  evening 
meetings  and  especially  when  they  bring  speakers  from  outside  to 
present  engineering  matters  to  them. 

3.  As  to  character  of  the  topic  to  be  taken  up,  I  have  always  tried 
to  make  the  students  handle  this  phase  of  the  work.  Sometimes  it  re- 
lates very  much  to  the  work  they  are  doing  and  sometimes  it  is  rather 
remote.  I  think  usually  if  the  officers  of  the  Society  are  good  wide 
awake  men  there  is  no  trouble  about  the  character  of  the  material 
presented. 

4.  Student  branch  meetings  have  been  conducted  almost  entirely  by 
the  students  themselves.  They  have  of  course  asked  some  professors  to 
present  material  before  them  but  the  meetings  themselves  have  been 
managed  by  the  students. 

5.  I  see  no  harm  in  having  commercial  firms  of  certain  types  present 
material  to  these  student  branches.  To  illustrate,  I  would  say  that 
thermit  welding,  heating  and  ventilation,  boiler  construction  and  opera- 
tion, each  presented  by  representatives  of  commercial  firms,  have  been 
very  satisfactorily  presented  and  any  commercial  advertising  has  been 
entirely  eliminated. 

It  is  my  opinion  that  each  institution  will  have  to  handle  this  matter 
of  student  branches  in  whatever  way  seems  best  fitted  to  its  own 
environments.  I  have  myself  conducted  for  25  years  a  senior  seminar 
at  whicli  has  been  presented  by  the  students  themselves  technical  papers 
gleaned  from  current  periodicals.  The  students  have  been  also  urged 
to  speak  on  the  floor  from  notes  and  we  have  developed  considerable 
ability  to  do  this  in  recent  years.  Because  of  this  particular  class  room 
work  here  I  think  the  presentation  of  papers  at  these  student  societies, 
by  the  students  themselves,  has  been  omitted,  the  students  feeling  that 
they  have  enough  of  that  sort  of  thing  in  this  seminary  work. 

My  observation  is  that  these  student  branches  need  a  little  fathering 
by  some  one  in  the  Department  and  a  little  help  in  finding  suitable 
speakers  and  being  sure  we  eliminate  unsuitable  speakers. 

Debates  between  several  of  the  societies  have  in  the  past  created  a 
good  deal  of  interest. 

I  believe  that  a  very  large  number  of  our  students  have  joined   the 
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Society  upon  graduation  largely  because  of  their  knowledge  of  the 
Society  which  comes  to  them  through  their  subscription  to  Mechanical 
Engineering  and  participation  in  these  student  branches. 

I  believe  these  student  branches  should  be  encouraged  and  given  all 
possible  help. 

Tours   very   truly, 

L.  P.  Breckenbidge, 
Professor  of  Mechanical  Engineering, 

Sheffield    Scientific    School, 

Yale  University. 

April  9,  1920. 
A  copy  of  your  letter  to  the  several  members  of  the  S.  P.  E.  E.  Com- 
mittee reached  me  a  few  days  ago,  with  a  copy  of  the  questionnaire 
sent  to  a  large  number  of  engineering  schools  enclosed.  I  have  dis- 
cussed the  questions  which  you  have  proposed  with  Dean  E.  L.  Sackett 
and  I  think  the  following  answers  reflect  fairly  well  the  sentiment  of 
our  School  of  Engineering. 

1.  Yes.  We  do  very  heartily  encourage  and  endorse  the  meetings  of 
student  engineering  societies.  The  encouragement  is  carried  as  far  as 
we  feel  it  is  safe  to  go,  for  we  want  to  avoid  any  suspicion  of  faculty 
interference  with  the  independence  and  autonomy  of  the  societies. 

2.  As  I  understand  it  the  question  means  to  ask  if  the  time  which  is 
given  by  the  student  to  the  meetings  and  affairs  of  his  engineering 
society  should  be  in  addition  to  the  time  required  of  him  for  his  attend- 
ance at  and  preparation  for  the  class  room  and  laboratory  work  of  his 
curriculum.  Stated  otherwise,  should  the  society  work  be  on  the  same 
basis  as  any  other  extra-course  interests?  It  is  our  feeling  that  the 
student's  society  work  should  be  done  on  his  own  time.  When  he  gets 
into  the  active  practice  of  his  profession  it  will  only  be  in  exceptional 
cases  that  he  will  be  permitted  to  use  his  business  time  in  the  work  of 
his  societies. 

3.  Xo.  If  made  a  part  of  the  regular  scheduled  work  and  thus  require 
the  participation  of  the  student,  the  meetings  are  no  longer  society 
meetings  but  classes,  and  the  conduct  of  the  meetings,  the  programs 
and  the  degree  and  kind  of  participation  by  each  student  become  mat- 
ters of  faculty  control.  The  students  will  have  but  little  real  voice  in 
the  matter  and  will  soon  be  tempted  to  form  real  societies  which  they 
can  run  in  their  own  way. 

4.  The  advisability  of  taking  time  "from  the  regular  schedule  of 
studies  in  order  to  promote  discussions  on  industrial  and  social  ques- 
tions" depends  largely  upon  the  amount  of  time  given  to  such  subjects 
in  the  regular  curriculum.  We  have  not  felt  the  need  of  such  work 
here  because  all  of  our  curricula,  by  action   of  the  Board  of  Trustees. 
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involve  more  work  in  English,  history,  economics  and  political  science 
than  do  the  curricula  of  most  engineering  schools.  The  amount  of  time 
devoted  to  such  work  here  has  caused  some  members  of  the  technical 
faculties  to  feel  that  time  which  ought  to  be  available  for  technical 
work  was  encroached  upon.  The  majority,  however,  appreciate  the 
value  of  this  broadening  work  and  believe  in  it.  In  an  institution 
where  the  time  for  work  of  this  kind  is  small^  I  believe  the  plan  sug- 
gested in  the  question  would  boar  fruit. 

5.  We  feel  that  the  initiativr  should  be  with  the  student,  but  that 
members  of  the  faculty  may  and  ought  to  give  a  generous  amount  of 
assistance  whenever  such  assistance  will  really  help  the  boy  and  make 
the  meeting  more  interesting.  I  fear  that  we,  here,  do  not  live  up  to 
this  idea,  however,  and  take  rather  too  much  of  the  responsibility  upon 
ourselves.  The  meetings  are  probably  better  from  a  professional  stand- 
point, but  they  probably  do  not  do  the  boy  so  much  good. 

6.  We  are  glad  to  have  the  representatives  of  commercial  firms  speak 
at  the  society  meetings  provided  they  do  not  advertise  too  obviously. 
Our  experience  has  been  that  in  most  cases  the  amount  of  direct  adver- 
tising is  too  small  to  be  at  all  objectionable.  Furthermore,  the  visits 
of  such  representatives  give  us  a  breath  of  outside  air,  a  touch  with  the 
outer  world  which  in  our  isolated  condition  is  both  refreshing  and  bene- 
ficial. They  also  give  the  students  ideas  about  his  practical  life  after 
leaving  school  in  a  way  that  the  faculty  can  not  do.  This  practice  can 
of  course  be  grossly  overdone,  but  where  occasional  carefully  selected 
representatives  are  secured  the  results  are  good. 

7.  At  The  Pennsylvania  State  College  the  students  of  each  of  the 
several  departments  of  the  School  of  Engineering  (Architectural,  Civil, 
Electrical,  Industrial,  Mechanical )  maintain  an  engineering  society. 
The  E.  E.  Society  is  aflSliated  with  the  American  Institute  of  Electrical 
Engineers,  the  M.  E.  Society  with  the  American  Society  of  Mechanical 
Engineers.  The  Mining  Society  is  a  similar  organization  in  the  School 
of  Mines.  The  five  societies  in  the  School  of  Engineering  have  recently 
joined  together  in  a  general  Engineering  Society  flhose  chief  function 
is  the  publication  of  the  Penn  State  Engineer. 

Meeting  places  for  all  of  the  societies  are  provided  without  rental. 
The  members  of  the  faculty  are  seriously  interested  in  the  societies,  and 
are  very  generous  in  the  matter  of  help  in  carrying  on  the  meetings  by 
attendance,  by  speaking  whenever  they  are  asked,  by  helping  the  stu- 
dents arrange  programs,  by  suggesting  outside  speakers  and  by  con- 
structive criticism  and  advice  whenever  it  seems  to  be  needed. 

We  believe  in  the  absolute  independence  and  autonomy  of  the  soci- 
eties, and  are  very  careful  not  in  any  way  to  dictate  or  even  to  attempt 
•to  influence  unduly  the  policies  of  the  societies.  We  believe  that  the 
students    should    be    responsible    for    the    success    or    failure    of    their 
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societies,  that  they  must  realize  this  respons'bility  and  that  whether  the 
society  stands  or  falls  depends  upon  their  management. 
.  .  Very  truly  yours, 

E.  A.  Fessenden, 
Professor    of    Medianical    Engineering, 

The   Pennsylvania   State   College. 

April  12,  1920. 

In  reply  to  yours  of  April  8tli  enclosing  circular  letter  regarding 
Student  Branches  of  the  Engineering  Societies  would  say  that  in  answer 
to  question  1,  namely,  "Should  an  engineering  college  encourage  regu- 
lar meetings  of  student  engineering  societies?"  the  college  should  in 
every  way  encourage  such  meetings.  Not  only  should  it  encourage 
meetings  of  the  separate  societies,  but  it  should  encourage  joint  meet- 
ings of  the  engineering  societies. 

In  answer  to  2,  namely,  Should  the  hours  given  to  such  meetings  he 
added  to  the  schedule  of  studies^  or  should  they  be  part  of  the  schedule, 
time  being  allowed  out  of  the  lessons  and  preparations  devoted  to  the 
regular  work?  would  say  that  these  should  be  entirely  outside  of  the 
regular  schedule  of  required  studies. 

In  answer  to  3^  "It  has  been  suggested  in  a  number  of  places  that 
the  topics  taken  up  in  the  meeting  hours  should  be  entirely  outside  of 
the  classroom  subjects.  Is  this  the  practice  in  your  place?" — The  sub- 
jects discussed  at  the  meetings  have  in  general  been  along  engineering 
lines.  Occasionally  the  business  side  of  engineering  is  covered  by  a 
lecturer.  As  soon  as  students  get  a  strong  organization  they  have  no 
diflficulty  whatever  in  getting  practically  any  speaker  whom  they  desire 
to  get.  The  Mechanical,  Electrical  and  Civil  societies  almost  never 
have  an  attendance  less  than  70,  frequently  as  large  as  300  and  at 
combination  meetings  the  attendance  is  frequently  so  large  that  it  be- 
comes necessary  to  use  the  large  hall  of  the  Walker  Memorial  which  is 
capable  of  seating  1500. 

(4)  Should  such  meetings  be  conducted  entirely  by  the  students  or 
through  the  help  of  professors  and  outsiders? — Most  assuredly  the  meet- 

'ings  should  be  handled  entirely  by  the  students.  If  they  seek  the  help 
of  the  professors  such  help  should  be  obtained  privately  by  the  officers 
and  the  professors  should  allow  the  students  to  run  the  thing  absolutely 
by   themselves. 

(5)  How  far  have  commercial  firms  been  encouraged  to  send  repre- 
sentatives to  such  meetings? — Some  of  the  larger  concerns  have  at  odd 
times  sent  representatives  to  discuss  some  of  their  new  equipment,  such 
as  conveying  material  by  the  use  of  wire  rope  and  developments  of 
gyroscopes  and  so  on.  As  a  general  thing,  the  meetings  have  been  of  a 
nature  dealing  strictly  with  the  technical  side  of  engineering.     The  stu- 
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dents  have  always  found  it  advisable  here  to  send  their  own   represen- 
tative to  the  Student  Section  in  New  York. 

The  boys  have  gone  on  this  scheme,  that  in  order  to  get  up  enthu- 
siasm it  is  a  good  plan  to  have  a  large  number  of  men  working  and  it 
has  been  the  custom  to  alternate  excursions  and  lectures.  Before  send- 
ing men  on  an  excursion  it  has  been  the  custom  to  designate  a  number 
of  men  to  go  over  the  plant,  making  out  a  diagram  showing  the  course 
through  the  plant  and  pointing  out  the  important  items  which  are  to  be 
studied  during  the  visit.  These  same  men  who  have  made  a  preliminary 
survey  of  the  plant  thus  act  as  guides,  each  man  taking  a  small  section 
and  explaining  in  detail  to  that  section  what  he  has  picked  up  in  his 
previous  visit.  Frequently  the  professors  are  called  upon  to  act  as 
guides  and  lead  some  of  the  groups.  By  this  means  it  has  been  possible 
to  get  a  large  body  of  students  interested,  each  man  having  assigned  to 
him  some  particular  job. 

It  is  also  of  interest  to  note  that  a  great  many  of  the  men  who  are 
student  members  of  the  A.  S.  M.  E.  become  Junior  members  of  the 
parent  society  very  shortly  after  receiving  their  degree  from  the  school. 

Very  truly  yours, 

Edward   F.    Miller, 
Massachusetts  Institute  of  Technology. 

April  20,  1920. 

Your  circular  letter  of  April  7th  is  at  hand  and  I  am  pleased  to  see 
that  you  are  moving  in  the  matter  of  the  Engineering  Society 's  interests, 
to  which  I  will  gladly  contribute  anything  that  may  serve  to  assist  you. 

Perhaps  it  will  be  best  for  me  to  consider  the  questions  in  the  order 
named : 

1.  The  attitude  of  the  Engineering  Faculty  of  Tufts  is  best  indicated 
by  the  following  vote  of  January  7,  1920:  "Voted — that  a  special  hour 
be  set  aside  on  the  program  for  meetings  of  the  Student  Branch  of  the 
A.  S.  of  M.  E.,  and  of  any  other  society  that  may  be  formed." 

The  hour  chosen  is  the  last  program  hour  of  the  afternoon,  at  which 
time  classes  which  include  the  members  of  the  Society  are  dismissed. 
The  appointment  of  the  day  and  hour  was  referred  with  power  to  the 
Dean. 

2.  This  question  is  answered  in  Question  No.  1. 

I  have  tried  to  maintain  an  engineering  society  at  Tufts  during  the 
past  twenty  years  and  have  encountered  all  of  the  difficulties  indigenous 
to  college  life  and  with  somewhat  indifferent  success,  but  our  last  effort 
appears  to  be  really  hopeful.  Since  the  passing  of  the  above  vote,  a 
Civil  Engineering  Society  has  been  organized  and  is  a  helpful  rival  to 
the  A.  S.  of  M.  E.  Branch,  having  an  equally  large  membership  with 
increasing  interest. 
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3.  Thus  far,  the  topics  for  discussion  or  lectures  at  the  Society  meet- 
ings have  been  outside  the  class  room  subjects,  but  \re  are  planning  to 
make  these  meetings  a  field  for  the  exploiting  of  some  of  the  seminar 
or  topic  work  of  the  Senior  classes  which  work  is  now  being  carried  on 
as  a  regular  course  of  study.  Later  I  may  be  able  to  add  more  sug- 
gestions concerning  the  development  of  this  field. 

4.  I  believe  that  the  meeting  should  be  conducted  entirely  by  the 
students,  although  it  is  desirable  to  have  outside  lecturers  who  may  or 
may  not  be  representatives  of  the  Faculty.  Indeed.  I  believe  it  is  gen- 
erally better  to  obtain  men  from  professional  fields  rather  than  from 
the  Faculty. 

5.  There  are  some  commercial  firms  who  have  representatives  in  the 
field  for  the  giving  of  lectures  to  technical  schools  that  I  highly  approve 
of,  and  while  this  work  is  promoted  by  the  commercial  spirit,  the  in- 
spiration to  the  student  body  given  by  a  man  from  the  professional 
field  is  very  desirable. 

As  other  suggestions  occur  to  me  relative  to  the  development  of  this 
work,  I  will  communicate  with  you,  but  rest  assured  that  you  have  my 
hearty  support  and  willingness  to  do  all  that  I  may  be  able  to  for  pro- 
moting  these  interests. 

With  kindest   regards,  believe   me 
Very  truly  yours, 

Gakdxer  C.   Anthony, 
Dean   Engineering    School, 

Tufts    College. 

April  12,  1920. 

Your  letter  of  April  8th  called  to  mind  our  interesting  conversation 
during  the  last  Annual  Meeting  of  the  Society. 

Our  mechanical  engineering  students  are  so  small  in  number  that  we 
have  merged  their  activities  with  that  of  a  general  engineering  society. 
This  society  meets  monthly  in  the  evenings  and  is  in  charge  successively 
of  the  students  of  each  division  of  instruction.  Our  students  therefore, 
do  not  function  in  the  particular  sense  of  a  student  branch. 

As  I  told  you  last  January  I  feel  that  the  student  engineering  soci- 
eties should  have  a  definite  hour  or  hours  set  aside  for  them  in  the  cur- 
riculum, that  is  they  should  be  part  of  the  schedule.  These  meetings 
should  develop  the  student  in  the  presentation  of  papers  before  a  group 
of  his  fellows,  and  for  that  reason  I  feel  that  as  far  as  the  conduct  of 
the  meetings  themselves  are  concerned  should  be  entirely  by  the  students. 
The  papers  presented  should  be  reviewed  and  criticised  by  the  instruct- 
ing staff. 

I  also  feel  that  the  method  followed  by  the  University  of  Kansas  of 
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having  an  annual  meeting  day  or  series  of  days  is  a  very  good  policy  to 
adopt  throughout  the  country. 

A  great  danger  in  having  commercial  firms  appear  before  the  students 
at  these  meetings  is  that  it  results  in  an  advertising  campaign  for  some 
particular  project.  I  think  that  every  effort  should  be  made  to  place 
the  meetings  on  a  high  scientific  plane. 

If  I  can  be  of  any  further  help  to  you  in  this  matter,  I  trust  you 
nill  not  hesitate  to  call  on  me. 

Very  truly  yours, 

W.\LTER  RaUTEXSTR.\UCH, 

Columbia  University. 

April  12,  1920. 
■  I  have  your  letter  of  April  Sth  and  your  circular  letter  pertaining  to 
the  work  of  the  Student  Branches.     I  would  make  the  following  answers 
to  your  specific  question. 

1.  I  am  a  strong  believer  in  regular  meetings  for  the  Student  Branches. 
In  fact,  I  hold  that  this  is  fundamental  for  the  success  of  any  body  of 
this  kind.  The  meetings  should  be  held  at  regular  times  and  conducted 
in   a  like  manner. 

2.  It  has  not  been  our  practice  to  give  University  credit  for  work  in 
societies  of  this  kind,  and  I  doubt  whether  our  Faculty  would  look  with 
favor  on  such  a  proposition.  If  we  did  this  for  the  American  Society 
of  Mechanical  Engineers  we  would  undoubtedly  have  to  do  it  for  other 
organizations,  such  as  the  A.  I.  E.  E.  and  certain  college  publications, 
and  other  auxiliary  organizations,  all  of  which  while  valuable,  are  not 
now  included  in  the  curriculum. 

3.  While  we  have  no  settled  policy  in  the  matter  of  changes  of  topic, 
in  general  we  try  to  present  topics  that  are  somewhat  outside  the  class- 
room subjects.  We  have  tried  to  make  these  meetings  as  broadening  as 
possible,  and  we  try  therefore  to  obtain  outside  speakers  of  eminence 
who  can  discuss  some  topic  of  importance  and  interest  to  engineers. 

4.  The  conduct  of  all  such  meetings  is  entirely  by  the  students,  or  at 
least  as  far  as  possible  by  the  students.  On  the  other  hand,  these 
organizations  are  not  likely  to  live  and  be  active  unless  some  members 
of  the  faculty  take  an  active  interest  in  them,  and  keep  them  alive. 
This  is  necessarily  true  because  of  the  very  shifting  personnel  of  the 
student  body.  A  long  experience  with  student  organizations  has  im- 
pressed this  idea  ujjon  me,  namely,  that  no  student  organization  is 
likely  to  survive  and  be  a  vital  influence  in  the  life  of  the  University 
that  is  not  fostered  in  some  way  by  members  of  the  faculty. 

5.  We  have  had  a  number  of  representatives  of  commercial  firms 
speak  before  our  Student  Branch  meetings  with  great  success.  Last 
year,  for  instance,  the  Chief  Engineer  of  the  Mcintosh  &  Seymour  Com- 
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pany,  builders  of  very  high  grade  Deisel  engines,  gave  one  of  the  most 
interesting  and  impressive  talks  that  we  have  ever  had.  Tonight  Mr. 
Hirshfeld_,  of  the  Detroit  Edison  Company,  and  a  former  teacher  in  the 
College,  is  to  address  the  branch.  Hirshfeld  visits  ns  once  every  year 
and  always  presents  something  interesting  and  inspiring. 

I  wish  to  say  also  that  I  heartily  approve  of  the  effort  that  you  are 
making  to  codify  the  practices  in  the  several  Student  Branches.  Any- 
thing that  will  throw  light  on  the  ways  and  means  of  keeping  these 
organizations  alive  and  active,  will  be  gratefully  received  by  the 
undersigned.  With  kindest  regards,   I   am. 

Yours  very  truly, 

Dexter   S.  Kimball, 
Cornell  University. 

April  14,  1920. 
Replying  to   your   communication   of   the   7th,   I  beg  to   give   you  the 
following   information   concerning    the   method   used   for   conducting   the 
activities  of  the  student  branches  of  engineering  societies  at  the  Kansas 
State   Agricultural   College: 

1.  No  classes  are  scheduled  after  4  o'clock  on  every  Thursday,  and 
the  time  from  4  P.M.  to  5  or  5:30  P.M.  is  devoted  every  week  to  regular 
meetings  of  student  engineering  societies.  Ordinarily  three  of  the 
meetings  every  month  are  devoted  to  the  specialized  societies  correspond- 
ing with  the  various  curricula.  The  fourth  Thursday  of  every  month 
is  devoted  to  a  general  seminar  at  which  time  all  the  engineering  stu- 
dents meet  together  for  a  discussion  of  problems  of  general  interest. 
In  scheduling  the  weekly  seminars,  all  sophomore,  junior,  and  senior 
students  meet  in  groups  in  accordance  with  the  several  curricula.  The 
engineering  freshmen  meet  in  a  separate  group. 

2.  Our  experience  indicates  that  best  results  are  produced  if  the  meet- 
ings of  the  engineering  societies  are  made  a  part  of  the  regular  schedule, 
and  if  attendance  is  compulsory. 

3.  The  practice  at  the  Kansas  State  Agricultural  College  is  to  devote 
the  time  given  to  meetings  of  student  engineering  societies  to  the  dis- 
cussion of  subjects  outside  of  those  regularly  scheduled  in  the  curriculum. 

4.  The  meetings  are  conducted  entirely  by  the  students.  Assistance 
is  given  by  members  of  the  engineering  faculty  in  connection  with  the 
preparation  of  the  program. 

5.  Our  practice  has  been  to  have  at  least  one  outside  speaker  every 
month.  With  the  kindest  personal  regards. 

Yours  very  truly, 

A.  A.  Potter, 
Dean,   Division   of  Engineering, 
Kansas   State   Agricultural   College. 
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AprU  15,  1920. 

In  reply  to  your  letter  of  April  7th,  I  will  endeavor  to  give  you  some 
idea  of  the  manner  in  which  we  conduct  our  Student  Branch. 

The  Faculty  of  the  College  of  Engineering  at  the  University  of  Cin- 
cinnati is  convinced  that  the  value  of  a  club  hour  is  sufficient  to  justify 
its  place  on  the  schedule.  The  Student  Branch  of  the  A.  S.  M.  E.,  is 
scheduled  for  one  hour  per  week  at  11:30  A.M.,  and  every  student 
registered  in  the  Department  of  Mechanical  Engineering  is  supposed 
to  attend  these  meetings.  We  also  aim  to  have  from  three  to  five 
evening  meetings   per  semester. 

The  students  in  Mechanical  Engineering  take  the  cooperative  course 
and  work  in  about  forty  manufacturing  concerns  in  Cincinnati  and 
vicinity.  They  come  in  contact  with  many  important  and  interesting 
pieces  of  engineering  work,  and  there  is  no  difficulty  in  getting  material 
for  our  student  meetings.  This  offers  an  exceptional  opportunity  to 
have  topical  discussions  on  such  subjects  as  methods  of  reclamation 
and  salvage  used  by  various  shops.  Such  topical  meetings  are  an- 
nounced in  advance,  and  each  student  learns  what  he  can  regarding  the 
method  used  in  the  shop  in  which  he  is  employed,  and  is  prepared  not 
only  to  appreciate  the  importance  of  the  subject,  but  to  also  contribute 
to  the  discussion.  One  advantage  of  this  plan  is  that  it  gives  a  large 
number  of  students  an  opportunity  to  enter  into  the  discussion.  The 
following  is  a  partial  list  of  subjects  discussed  at  the  11:30  A.M. 
meetings  of  the  A.  S.  M.  E.  Student  Branch: 
Oil  reclamation  as  practiced  in  a  machine  shop. 
System  of  a  machine  shop  planning  department. 
Topical  discussions  on  reclamation  and  salvage  as  practiced  in  different 

shops. 
Deflection   tests   of   a   milling  machine. 
The  heat  treatment  of  iron  and  steel. 
Time  setting. 

Motor  car  repairs  and  testing. 
Testing  centrifugal  pumps. 

Construction  and  testing  of  air  compressors  and  pumps. 
Gas   producer   plants. 

These  talks  were  based  upon  the  student 's  practical  experience  which 
he  gained  on  his  cooperative  job. 

The  evening  meetings  are  used  to  bring  both  sections  of  cooperative 
students  together,  and  to  have  a  member  of  the  A.  S.  M.  E.  address  them 
on  general  topics  relating  to  the  industries  and  business.  At  the  last 
meeting,  Mr.  E.  A.  Muller  read  a  paper  on  the  development  of  the 
machine  tool  industry  in  Cincinnati.  Mr.  George  W.  Galbraith  has  been 
present  at  practically  every  evening  meeting  for  years,  and  his  brief 
discussions  and  remarks  at  such  meetings  have  no  doubt  been  a  great 
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inspiration  to  the  students.  Other  members  who  have  taken  an  active 
interest  in  the  student  section,  and  who  frequently  attend  the  meet- 
ings are : 

F.   E.   Cakdullo, 

A.  J.  Baker, 

M.    RiESNER, 

E.   W.    ViNNEDGE, 

E.  F.  DuBrul, 
Jas.   B.    Stanwood. 
The  presence  of  mature  men  at  these  meetings  is  undoubtedly  a  great 
inspiration    to    the    students.     The    main    idea    is    to    have    a    minimum 
amount   of  formality,  and   a  maximum   amount   of  inspiration. 

I  wish  to  make  the  following  specific  answers  to  the  questions  men- 
tioned in  your  letter: 

1.  Engineering  Colleges  should  encourage  regiJar  meetings  of  the 
Student  Engineering  Societies. 

2.  Club  hours  should  be  a  part  of  the  schedule. 

3.  Topic  should  be  outside  of  class  room  subjects.  Such  is  the  prac- 
tice at  the  University  of  Cincinnati. 

4.  Meetings  should  be  conducted  entirely  by  the  students.  A  copy  of 
the  minutes  of  the  meetings  should  be  filed  with  the  Honorary  Chairman. 

5.  All  evening  meetings  are  addressed  by  representatives  of  com- 
mercial  firms. 

The  hour  devoted  to  the  Student  Branch  is  designated  ou  the  schedule 
as  the  "club  hour,"  and  is  the  same  for  all  five  classes,  namely,  the 
Freshman,  Sophomore,  Pre-Junior,  Junior  and  Senior.  The  attendance 
is  not  compulsory;  neither  is  it  exactly  voluntary  to  those  students  who 
ignore  it.  I  have  gotten  the  names  of  those  who  are  habitually  absent, 
and  explained  the  importance  of  their  attendance,  and  we  have  a  very 
good  attendance.  It  is  up  to  the  student  officers  to  make  the  club  worth 
attending. 

One  of  the  annual  events  at  the  University  is  the  Student  A.  S.  M.  E. 
Dance,  which  is  one  of  the  important  social  activities  of  the  University. 

It  is  extremely  important  that  the  proper  students  are  elected  to  office. 
There  might,  at  times,  be  a  tendency  for  fraternities  to  elect  certain 
men  for  oflSee,  simply  because  they  happen  to  be  members  of  some  par- 
ticular fraternity,  as  they  frequently  do  in  selecting  class  officers.  In 
the  cooperative  course,  the  Chairman  is  in  one  section,  and  the  Vice- 
Chairman  in  the  other.  It  will  be  seen  that  it  is  almost  necessary  to 
duplicate  the  student  officers,  in  order  to  have  one  for  each  section.  We 
also  have  a  rule  requiring  the  officers  to  be  distributed  among  the 
classes.  There  is  a  considerable  list  of  committees  which  places  respon- 
sibility on  a  large  number  of  the  student  body.  Every  student  registered 
in  the  Department  of  Mechanical  Engineering  is  looked  upon  as  a  stu- 
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dent  member  of  the  A.  S.  M.  E.  We  encourage  the  Seniors  to  become 
Junior  Members  upon  graduation.  Last  year  every  Mechanical  and 
one  Electrical  graduate  entered  the  A.  S.  M.  E.  as  a  Junior  Member, 
and  I  think  we  will  have  at  least  one  hundred  per  cent,  enrollment  in 
the  Society  by  our  present  Senior  class. 

With  my  very  best  personal  regards,  I  remain. 

Very  truly  yours, 

A.  Lewis  Jekkixs, 
Professor  of  Mechanical   Engineering, 

University   of   Cincinnati. 

April  19,  1920. 
In  answer  to  your  communication   of  April   Sth,  my  own   opinion   in 
regard  to  these  questions  is  as  follows: 

1.  I  believe  that  the  engineering  colleges  should  encourage  regular 
meetings  in  their  student  engineering  societies  at  least  once  a  month. 

2.  I  believe  that  the  students  should  be  allowed  time  out  of  their 
regular  lesson  periods  for  attending  such  meetings: 

3.  I  think  the  topics  taken  up  at  these  meetings  should  be  topics  of 
general  interest,  and  as  far  as  possible,  these  meetings  should  ser\-e  to 
broaden  the  student's  viewpoint  and  bring  him  in  contact  with  the 
wider  view  of  the  engineering  field.  In  conducting  assemblies  for  stu- 
dents I  have  often  introduced  speakers  on  subjects  entirely  outside  of 
engineering,  even  going  so  far  as  to  have  professors  of  music,  philosophy, 
and  medicine  talk  to  the  engineering  students. 

4.  I  believe  such  meetings  should  be  conducted  as  much  as  possible 
by  students,  the  students  calling  in  from  time  to  time,  professors  and 
men  outside  of  the  institution  to  present  papers  before  their  Branch. 
I  think  the  chairman  in  charge  should  only  exercise  a  guiding  hand  and 
should  leave  the  students  as  free  sis  possible  to  conduct  the  meetings  in 
their  own  way. 

5.  A  few  meetings  conducted  by  commercial  concerns  are  oftentimes 
beneficial,  and  some  excellent  matter  is  presented.  I  believe,  on  the 
other  hand,  that  it  is  very  easy  to  overdo  this  character  of  meeting.  It 
has  always  been  my  thought  that  the  Student  Branch  meetings  should 
largely  be  conducted  for  students  and  the  papers  presented  should  be 
largely  those  presented  by  students,  so  that  the  engineering  student  may 
be  encouraged  to  walk  upon  his  feet  and  to  study  subjects  outside  of 
the  subjects  of  the  classroom  during  his  engineering  education. 

One  of  the  conspicuous  deficiencies  of  most  engineers  is  their  lack  of 
ability  to  express  themselves  on  their  feet  before  an  audience.  Public 
rpeaking  should  be  encouraged  for  engineers,  particularly  in  these  Branch 
meetings  where  the  young  man  has  the  very  best  opportunity  to  develop 
the  ability  to  speak. 
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I  will  try  if  possible  to  write  something  on  this  subject  after  my 
return  from  my  Southern  trip. 

With   best  regards,   I  remain,  Very  truly  yours, 

John  E.  Allen, 
Director, 
U.  S.  Bureau  of  Mines. 

April  13th,  1920. 

I  have  time  only  to  answer  your  letter  somewhat  briefly  altho'  my 
interest,  as  you  know,  is  not  measured  by  the  length  of  my  reply.  What 
I  say  here  might  well  be  supplemented  by  the  report  prepared  by  the 
Stanford  Student  Branch,  which  I  had  the  pleasure  of  presenting  at  the 
May  meeting  of  our  A.  S.  M.  E.  Committee. 

Answering  your  questions  in  their  order: 

1.  Yes,  encourage  not  require. 

2.  Neither.  The  matter  should  be  left  entirely  in  the  hands  of  the 
Student  Branch  free  from  all  oflfieial  academic  control  or  assumption  of 
authority   or   responsibility. 

The  affairs  of  the  Student  Branch  should  constitute  an  independent 
student  activity,  through  conducting  which  by  themselves  they  may  gain 
the  benefit  of  the  growth  that  comes  from  the  responsible  direction  of 
the  organization,  the  planning  of  its  activities^  programs,  etc. 

There  should  be  no  academic  ' '  credit ' '  given. 

3.  It  is,  practically. 

4.  See  answer  to  2.  Professor  should  act  in  advisory  capacity  solely, 
and  preferably  only  when  their  advice  is  sought. 

"Outsiders"  should  be  completely  barred,  particularly  those  whose 
aim  is  propaganda  of  one  bind  or  another.  Specifically  I  refer  to  the 
activities  of  the  National  Industrial  Conference  Board. 

The  parent  organization  of  the  Student  Branch  should  not  interfere  in 
the   conduct  of  its  affairs. 

5.  Our  students  make  it  quite  a  common  practice  to  invite  hona  fide 
representatives  of  commercial  firms  to  address  them. 

As  indicated  above,  I  do  not  at  all  like  the  idea  of  meetings  under 
academic  control  at  definite  hours,  and  think  the  best  way  of  getting  rid 
of  the  misrepresenting  term  "seminar"  used  to  designate  these  would 
be  to  do  away  with  such  control  and  use  the  term  "meetings." 

I  am  heartily  at  one  with  you  in  desiring  that  all  men  who  are  going 
into  our  profession  should  have  a  fine,  broad  education — fitted  to  the 
conditions  of  the  present  day — and  to  that  end  am  particularly  desirous 
that  they  be  not  trained  in  a  habit  of  thought  which  the  very  techno- 
logical system  in  which  they  are  to  function  has  rendered  obsolete. 

Sincerely  yours, 

GuiDO    H.    Marx, 
Leland  Stanford   Jr.   Universitv. 


120  ENGIXEERIXG   SOCIETIES    AND    EDUCATION. 

April  10,  1920. 

At  the  Rensselaer  Polytechnic  Institute  the  student  branches  of  the 
American  Institute  of  Electrical  Engineers  and  the  American  Society 
of  Mechanical  Engineers  have  meetings  once  a  month  during  the  scho- 
lastic year.  The  Civil  Engineering  students  have  established  an  asso- 
ciation of  their  own.  They  also  meet  once  a  month.  These  meetings 
are  held  in  the  evening  and  generally  last  about  two  hours.  All  three 
of  the  organizations  generally  have  at  each  meeting  an  engineer  of  more 
or  less  eminence  from  outside  the  Institute  who  reads  a  paper  or  de- 
livers a  lecture  which  is  afterwards  discussed. 

I  do  not  believe  that  hours  given  to  such  meetings  should  be  sched- 
uled. They  are  not  part  of  the  regular  work  of  the  students,  and  at- 
tendance at  these  meetings  is  voluntary.  The  topics  taken  up  at  these 
meetings  are  generally  entirely  outside  of  class-room  subjects.  Naturally 
they  are  engineering  topics.  Instructors  who  belong  to  national  engi- 
neering organizations  are  naturally  interested  in  these  meetings  and  some 
of  them  are  always  in  attendance.  We  never  have  made  any  requests 
for  commercial  firms  to  send  representatives  to  these  meetings.  Men 
who  have  been  asked  to  read  papers  or  to  lecture  at  them  may  or  may 
not  have  been  connected  with  commercial  firms. 

Palmer  C.  Eicketts,  President, 
Eensselaer    Polytechnic    Institute. 

June  18,  1920. 
I  beg  to  tender  my  sincere  apologies  for  having  failed  to  return  the 
answers  to  your  questionnaire  in  regard  to  seminar  activities  at  my  in- 
stitution. In  cleaning  up  my  desk  I  found  that  I  had  failed  to  make 
the  return  requested  and  I  hasten  to  do  so  now  in  the  hope  that  the 
material  my  add  to  the  completeness  of  your  study  of  the  situation. 

1.  I  certainly  favor  and  encourage  meetings  of  student  engineering 
societies  and  branches  of  engineering  societies. 

2.  I  favor  having  the  hours  for  such  meetings  added  to  the  scheduled 
hours  of  the  curriculum. 

3.  There  is  much  to  be  said  in  favor  of  making  attendance  upon  such 
meetings  compulsory  inasmuch  as  it  seems  particularly  difficult  to  bring 
the  students  to  a  full  realization  of  the  importance  and  benefit  of  such 
meetings,  nevertheless  I  believe  the  attendance  should  be  voluntary 
rather  than  compulsory  with  every  effort  exerted  to  get  the  men 
interested. 

4.  Undue  multiplication  of  e.xtra-currieula  activities  ought  to  be 
minimized  in  my  opinion.  There  are  so  many  subjects  that  might  be 
taken  up  outside  of  class  activit'es  that  the  danger  lies  in  attempting 
too  much  with  the  result  that  little  or  no  valuable  work  would  be 
actually   accomplished.     It   seems   to   me  that   such  outside  material   as 


ENGINEEEING    SOCIETIES    AND    EDUCATION.  121 

seems  highly  essential  ought  to  be  incorporated  in  the  society  meetings 
rather  than  attempting  the  larger  program  of  compulsory  weekly  at- 
tendance upon  those  special  topics. 

5  I  favor  a  combination  of  student  initiative  and  faculty  advisory 
attitude  m  connection  with  such  meetings,  working  toward  a  maximum 
01  student  control. 

J'JJT^  ^  reasonable  amount  of  cooperation  from  commercial  and 
ndustnal  firms  as  very  often  their  information  is  valuable  and  in- 
structive. 

7.  At  the  University  of  Virginia  we  have  a  Branch  of  the  A  I  E  E 
which  meets  monthly  and  to  whose  meetings  all  interested  are  inviied" 
We  have  also  a  local  honorary  engineering  society  which  meets  regularly 
but  whose   meetings   are   not   open   and   consequently   the   material   pre- 

of  third"   Z;       '"   "'"'"'   "'^   ""  ^'°^^°   ^^«-   t^«  -PP-  fo-th 
ot  third  and  fourth  year  men. 

I  believe  that  these  meetings  serve  a  most  useful  purpose  and  my 
chief  regret  is  that  such  a  small  number  of  men  usually  attend 

I  have  always  felt  that  the  National  Societies  might  contribute  very 
usefully  to  Engineering  Schools  by  means  of  various  specialized  articles 

It  'w'?  ''""'''  '°'^  ^  ^'''''''  *^^  '''''^''''y  i«  continually  toward 
such  helpful  attitudes.  ^ 

Very  sincerely  yours, 

Walter  Sheldon  Eodman, 
Professor  of  Electrical  Engineering, 

University  of  Virginia. 


REPORT  OF  COMMITTEE  TO  COOPERATE  WITH 

THE  AMERICAN   SOCIETY   OF   MECHANICAL 

ENGINEERS. 

C.  L.  Mees:  Mr.  President  and  gentlemen:  I  thank  you  for 
the  eourtesy  of  calling  upon  me  because  President  Hollis  al- 
ready indicated  that  our  cooperation  was  so  perfect  that 
nothing  remained  for  me  to  say.  I  trust  we  have  set  a  good 
example  of  how  two  committees  can  work  together  in  perfect 
harmony.  We  had  a  conference  out  West,  at  which  time  he 
stated  he  did  not  think  we  could  do  very  much.  We  then 
proceeded  to  ent^r  into  lengthy  correspondence,  exclusive  of 
questionaires,  and  that  correspondence,  I  suppose,  is  included 
in  the  material  which  he  has  to  furnish  the  society.  I  did 
make  some  few  specific  recommendations  or  suggestions, 
which  I  thought  might  be  worth  while  for  a  joint  committee 
to  consider.  But.  as  no  formal  meeting  was  held.  I  do  not 
know  whether  it  is  worth  while  to  take  up  the  time  of  the 
society  now.  I  agree  with  Dr.  Hollis  that  the  time  is  oppor- 
tune for  the  appointment  of  a  larger  committee. 

Several  voiced  the  objection  that  the  larger  institutions  in 
the  establishment  of  their  student  branches,  followed  different 
policies  and  that  they  had  entirely  different  thoughts  in 
mind.  As  most  of  the  engineering  schools  have  different 
departments,  mechanical,  civil,  chemical,  electrical  and  so  on, 
naturally  if  in  only  one  or  the  other  of  these  engineering 
branches,  a  student  branch  is  established,  and  efficient  work 
is  being  done  with  the  assistance  or  without  the  assistance  of 
the  national  as.sociation  the  others  having  no  affiliated  student 
branches  feel  somewhat  slighted  and  there  is  considerable 
difficulty  in  maintaining  the  interest.  I  think  the  suggestion 
which  Dean  Cooley  made  this  morning  might  be  carried  out 
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profitablr,  and  it  was  among  the  suggestions  I  had  in  mind 
when  I  wrote  to  Dr.  Hollis,  that  is,  the  establishment  of  gen- 
eral engineering  societies,  made  up  of  sections  or  sub-sections, 
affiliated  with  the  several  national  societies;  there  might  be 
sectional  meetings  of  these  as  well  as  meetings  of  the  general 
engineering  society,  and  as  nearly  every  college  body  desires 
to  have  officers,  and  every  college  boy  wants  to  be  president, 
vice-president,  or  a  member  of  a  committee  at  some  time  or 
other,  that  would  give  an  opportunity  for  a  large  number 
of  presidents,  vice-presidents  and  committee  members,  who 
would  do  either  nothing,  or  practically  nothing,  as  the  case 
may  be.  Yet  would  perhaps  have  this  interest  stimulated. 
I  am  afraid  that  which  Dean  Cooley  suggested  this  morning 
is  true,  that  up  to  date  the  object  has  been  only  to  have  these 
student  sections  act  as  feeders  for  the  central  societies.  I 
believe  the  national  societies  can  do  a  great  deal  of  good  in 
that  way. 

It  was  pointed  out  that  it  is  easy  to  have  moving  picture 
shows  and  that  sort  of  thing  to  present  topics  which  are 
of  doubtful  value.  However,  if  the  societies  would  appoint 
committees  made  up  of  men  well  qualified  to  talk  to  students 
and  pay  their  expenses,  or  a  nominal  sum,  who  would  from 
time  to  time  visit  the  different  societies  at  the  different  in- 
stitutions, and  from  the  breath  of  their  professional  experi- 
ence and  the  broad  experience  and  the  broad  views  they 
take,  address  the  students,  the  effect  miglit  not  only  be 
stimulating,  but  they  might  do  a  great  deal  of  good  in 
touching  upon  topics  which  ordinarily  do  not  enter  into 
instruction.  To  the  ordinary  student,  the  professor  is  an 
everyday  proposition;  he  is  a  good  deal  like  an  "everyday 
need."  Although  he  may  perhaps  speak  upon  a  general 
topic  in  a  manner  which  may  be  as  well  thought  out,  as  well 
well  worked  out,  as  any  visiting  engineer  would  have  done, 
the  student  takes  it  as  upon  the  regular  bill  of  fare.  There 
is  something  more  impressive  in  having  a  man  who  is  known 
to  be  in  the  actual  ens'ineerins:  work,  and  not  merelv  a  teacher 
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of  engineering,  come  and  present  his  views  and  points  out 
to  them  the  attitude  which  they  should  take  toward  the  pro- 
fession. That  was  along  the  line  of  suggestion  which  I  thought 
possibly  the  committee  might  take  up. 

As  undoubtedly  the  report  of  Dr.  Hollis  will  receive  con- 
sideration and  the  suggestion  which  he  has  made  with  refer- 
ence to  the  appointment  of  such  a  larger  committee  will  be 
met,  it  is  unnecessary  for  me  to  go  into  the  details  of  the 
suggestions  which  were  presented  to  me  as  a  member  of  the 
committee,  because  Dr.  Hollis  says  we  did  not  meet  as  a  com- 
mittee, and  possibly  his  report  can  find  favorable  action.  I 
trust  that  may  be  so.  There  is  an  opportunity  there.  I  think, 
in  doing  real  constructive  work  more  from  the  side  of  the 
National  Association  than  from  colleges,  and  I  think  the  col- 
leges are  in  a  very  receptive  mood.  They  have  tried  to  make 
the  student  sections  profitable,  and  sometimes,  in  one  year, 
depending  upon  the  first  two  or  three  meetings  and  the 
officers  who  direct  them,  they  are  very  successful,  and  the 
very  next  year  they  may  be  flat  failures.  I  think  a  great 
deal  of  assistance  may  be  given  by  the  National  societies  in 
the  way  of  making  them  more  uniformly  successful.  Even 
the  recognition  by  the  national  societies  of  the  student  is 
stimulating.  The  student  feels  he  has  already  entered  into 
the  rank  of  the  engineering  profession,  you  might  say,  and 
he  can  become  known  in  it  through  membership  in  engineer- 
ing societies.  In  that  connection  it  is  possible  to  emphasize 
a  little  more  strongly  what  the  prospective  employer  and  the 
practical  engineer  wants  to  know  about  the  student.  Usually 
the  institutions  are  called  upon  to  recommend  students  for 
this,  that,  or  the  other  position.  The  employers  come  to  us 
with  open  arms  and  it  is  sometimes  quite  embarrassing  to 
know  exactly  what  to  say  about  the  individual  student.  I 
think  it  may  present  to  the  students  the  fact  that  it  is  not 
simply  the  narrow  technical  scholastic  training  that  they 
want,  but  they  want  men  of  breadth  and  earnestness,  and  in- 
itiative, and  above  all  honesty  of  principles,  and  if  that  will 
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be  impressed  upon  him  it  will  have  a  distinct  effect  upon  the 
attitude  which  the  student  assumes  toward  the  college. 

I  thank  you  for  the  courtesy  of  attracting  the  attention  to 
me  as  having  served  upon  the  committee,  even  if  the  com- 
mittee appeared  non-existent. 

Discussion. 

M.  E.  Cooley:  I  want  to  say  at  the  outset  that  I  do  not 
agree  with  Dr.  Hollis  on  some  of  his  statements.  He  himself 
is  the  best  proof  of  my  reason  for  not  agreeing  with  him. 
He  says  a  broad  foundation  is  not  necessary  for  an  engineer, 
and  refers  to  the  Naval  Academy  as  being  the  narrowest  edu- 
cational institution  in  the  land.  He  himself  refutes  both 
arguments.  He  came  to  the  Naval  Academy  with  a  broad 
preparatory  training  which  included  the  classics.  I  lived 
with  him  for  four  years,  and  all  the  classics  I  know  I  got 
from  him.  I  am  not  saying  how  much.  The  Naval  Academy 
in  my  opinion  is  a  wonderful  institution.  I  have  long  advo- 
cated the  kind  of  education  that  is  given  there.  It  does  one 
thing  that  no  other  institution  in  the  land,  unless  it  be  West 
Point,  does  to  the  same  extent.  It  trains  a  man  in  self-reli- 
ance. Students  are  not  taught  at  the  Naval  Academy.  They 
learn  by  digging  things  out  for  themselves.  That  is  great 
discipline.  Moreover,  the  graduate  of  the  Naval  Academy 
spends  his  life  traveling  about  the  world.  That  itself  is  the 
broadest  kind  of  education.  So,  I  do  not  agree  with  Dr. 
Hollis. 

Now,  to  the  queston  of  cooperation.  It  is  a  big  subject. 
It  deserves  the  fullest  consideration  of  this  society.  There 
are  several  aspects.  I  can  only  discuss  one  or  two  of  them. 
I  believe  this  Society  should  after  twenty-eight  fruitful  years 
of  study  begin  to  get  results.  So  far  as  I  can  see,  few  actual 
results  have  made  themselves  manifest.  Why  not?  Up  to 
now  we  have  not  cooperated.  The  engineer  who  teaches  and 
the  engineer  who  practices  have  not  got  together.  They  have 
worked  apart  from  each  other. 
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I  myself  doubt  whether  much  help  may  be  expected  from 
practising:  engrineers.  Not  many  of  them  will  feel  able  to  do 
much  towards  helpings  to  solve  the  problems  of  education. 
A  few  years  ago  I  sent  out  a  questionnaire  to  our  graduates — 
some  1.200  of  them.  About  800  replies  Avere  received.  Four 
of  the  questions  related  to  changes  in  our  curriculum.  Only 
one  person  pretended  to  answer  any  of  the  questions,  and  he 
was  a  college  man.  The  rest  of  them  begged  off  on  the  ground 
that  they  were  out  of  touch.  They  were  busy  making  a  liv- 
ing, and  had  not  thought  of  it.  The  national  societies  are 
waking  up  and  it  may  be  that  from  now  on  we  shall  see  more 
cooperation.  They  should  join  with  this  society  in  educa- 
tional matters.  With  all  our  efforts  combined,  worth-while 
results  should  be  accomplished. 

Thus  far,  the  only  attempt  at  cooperation  has  been  through 
the  so-called  student  branches  of  the  National  Societies.  I 
fear  the  motives  behind  such  cooperation  have  not  been 
wholly  unselfish.  I  have  heard  it  stated  by  officers  of  the 
national  societies  that  the  student  branch  was  one  of  the  best 
means  to  increase  their  membership. 

Membership  in  a  national  society  is,  of  course,  highly  de- 
sirable for  the  young  professional  man;  and  the  larger  the 
society  the  more  influential  it  is.  But  unless  backed  by  a 
wise  policy  the  student  branch  may  become  a  mere  forcing 
process.  Fortunately,  Dr.  Hollis  himself  is  in  charge  of 
student  activities  for  one  of  the  national  societies. 

Dr.  Hollis  thinks  the  national  societies  should  come  to- 
gether and  do  jointly  what  they  are  now  trying  to  do  sepa- 
rately. That  would  be  a  Avise  movement.  It  should  extend 
to  the  student  branches  also. 

Thirty-five  years  ago  we  had  here  just  one  engineering 
society,  and  it  was  a  great  success.  It  met  regularly  and  had 
its  own  programs.  The  members  did  their  own  speaking, 
their  own  debating,  and  managed  everything  in  their  own 
way.  It  was  a  live  society,  one  of  the  livest  on  the  campus. 
Then  came  the  student  branches,  and  this  one  engineering 
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society  was  divided  into  several.  The  older  engineering 
society  now  amounts  to  practically  nothing,  and  the  student 
branches,  likewise.  The  suggestion  that  the  national  societies 
join  hands  is  a  good  one.  It  will  tend  to  union,  and  that 
tends  to  strength. 

Would  it  not  be  practicable  and  worth  while  to  have  a  com- 
mittee or  some  organization  in  this  society  which  shall  embrace 
members  chosen  by  the  national  societies?  We  have  in  this 
society  institutional  members — some  seventy  of  them. 
Twenty-nine  state  universities,  thirteen  agricultural  colleges 
and  thirty  endowed  institutions  are  represented.  What  I 
propose  and  hope  can  be  brought  about  is  an  organization  of 
these  administrative  officers  which  shall  also  embrace  repre- 
sentatives of  the  national  societies.  This  committee  could 
meet  once  a  year,  or  oftener,  and  discuss  the  problems  that 
are  common  to  all  the  institutions.  Out  of  the  discussions, 
recommendations  might  come  which  could  be  adopted  by  all 
with  much  benefit.  The  literary  colleges  in  the  Middle  West 
have  an  association  of  Deans  which  meets  once  a  year.  It  is 
very  successful.  I  am  told. 

Let  me  mention  a  few  examples  of  problems  that  might 
be  considered  by  such  a  committee  or  organization :  entrance 
requirements,  graduation  requirements,  curricula,  a  longer 
course  than  four  years  and  what  such  a  course  should  em- 
brace, whether  it  shall  be  a  broader  course,  or  more  technical, 
whether  we  should  attempt  to  differentiate  between  engineer- 
ing schools  giving  a  broad  training  or  those  that  are  highly 
specialized.  An  important  subject  would  be  research.  Shall 
it  be  duplicated  or  divided  up  into  fields,  one  college  devoting 
itself  to  one  kind  of  research  and  another  to  some  other  kind. 
A  certain  amount  of  equipment  is  needed  by  all  for  under- 
graduate work  but  why  duplicate  the  equipment  for  advanced 
work  not  done  by  undergraduates?  Such  a  plan  if  found 
practicable,  would  vastly  increase  the  effectiveness  of  equip- 
ment, and  it  would  avoid  duplication  of  effort.  It  would 
bring  to  a  practical  realization  the  key-word  of  this  conven- 
tion, "  Cooperation." 
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Mr.  President,  I  have  the  feeling  that  the  Society  for  the 
Promotion  of  Engineering  Education  has  the  opportunity  to 
do  something  that  has  never  been  done,  and  can  do  it  in  a 
most  effective  manner.  "What  I  have  suggested  but  broad- 
ens the  idea  of  Dr.  Hollis.  He  spoke  of  cooperation  as  be- 
tween the  national  societies  and  the  educational  institutions. 
My  suggestion  would  bring  together  the  national  societies,  the 
Society  for  the  Promotion  of  Engineering  Education  and  the 
administrative  officers  of  the  engineering  schools,  all  for  the 
common  purpose  of  advancing  engineering  education  to  the 
end  that  the  professional  engineer  may  render  more  and 
better  service. 

J.  H.  Dunlap :  One  phase  of  the  subject  of  the  paper  by  Pres- 
ident Hollis  on  ''Cooperation  of  the  Engineering  Societies  with 
the  Engineering  Schools,"  is  of  special  interest  to  the  writer, 
namely,  cooperation  with  the  engineering  societies  in  the 
standardization  of  engineering  education.  If  an  effort  at  co- 
operation along  this  line  is  desirable,  it  should  be  possible  to 
show  that  such  a  project  is  a  logical  outgrowth,  both  of  the 
history  of  the  profession,  and  of  its  present  status.  The 
process  of  evolution  of  a  world,  and  of  its  parts,  leaves  no  gaps. 
Accordingly,  such  a  proposal  should  be  viewed  first,  with  ref- 
erence to  the  sequence  of  past  events,  and  second,  with  refer- 
ence to  the  trend  of  present  conditions. 

The  Sequence  of  Past  Events. 

Before  the  Civil  War  only  five  engineering  schools  were  in 
existence,  the  United  States  Military  Academy  at  "West  Point, 
which  sent  forth  its  first  graduates  in  1802;  the  Rensselaer 
Polytechnic  Institute,  where  the  civil  engineering  course  was 
added  in  1829;  and  the  three  schools  establishing  courses  in 
1847,  the  Lawrence  Scientific  School  at  Harvard,  the  Shef- 
field Scientific  School  at  Yale,  and  the  University  of  Michigan. 

Following  the  passage  of  the  Morrill  Act  in  1862,  granting 
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federal  aid  to  the  states  for  founding  colleges  of  agriculture 
and  mechanic  arts,  there  was  a  remarkable  increase  in  the 
number  of  engineering  colleges,  until  in  1917  there  were  126 
engineering  schools  of  college  grade.  Up  to  1915  these  col- 
leges had  granted  55,000  engineering  degrees. 

During  this  period  the  length  of  the  curriculum  has  in- 
creased from  the  one-year  course  during  the  early  history  of 
the  Rensselaer  Polytechnic  Institute,  to  the  six-year  course 
now  in  operation  at  Columbia  University.  From  one  general 
course  covering  all  that  was  then  known  of  civil  engineering, 
the  number  of  courses  at  our  institutions  has  developed  until 
we  have  as  high  as  fifteen  specialized  courses  given  by  one 
institution.  In  1837,  when  Professor  Mahan,  professor  of  mili- 
tary and  civil  engineering  at  the  United  States  Military  Acad- 
emy at  West  Point,  wrote  and  published  the  first  treatise  on 
civil  engineering  in  English,  it  was  possible  to  cover  the  whole 
field  within  the  covers  of  one  book.  Now,  an  extensive  li- 
brary is  required  for  the  investigation  of  the  data  available 
in  any  branch  of  the  profession. 

The  contribution  to  this  development  made  by  the  Society 
for  the  Promotion  of  Engiaeering  Education  was  ably  and 
comprehensively  stated  in  the  paper  of  last  year  by  Past- 
President  George  R.  Chatburu.  The  achievements  of  the 
committees  of  the  Society  are  notable ;  such  committees,  for 
instance,  as  the  committee  on  standardization  of  entrance  re- 
quirements, and  the  joint  committee  on  graduation  require- 
ments, and  the  joint  committee  on  engineering  education  whose 
report  was  discussed  at  the  last  meeting  of  the  Society.  To 
have  assisted  in  making  possible  the  report  by  Charles  R. 
Mann.  ''A  Study  of  Engineering  Education"  is  in  itself  a 
noteworthy  contribution  to  the  progress  of  the  engineering 
profession. 

The  Trend  of  Present  Conditions. 

Keeping  in  mind  the  development  of  engineering  schools, 
and  of  engineering  curricula,  and  also  the  contribution  of  this 
10 
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Society  to  the  development  of  both,  we  can  perhaps  best  show 
the  trend  of  present  conditions  by  contrasting  the  situation  in 
the  medical,  legal  and  engineering  professions  twenty  years 
ago  with  the  situation  to-day.  The  following  table  on  pro- 
fessional education  in  the  United  States  for  1898-99  is  adapted 
from  Table  4  of  the  president's  address  on  "Engineering 
Education  in  the  United  States  at  the  End  of  the  Century"' 
by  Professor  Ira  0.  Baker,  presented  in  1900  at  the  New  York 
meeting  of  the  Society.  It  will  be  noted  in  the  table  that  dur- 
ing the  year  1898-99  only  14  per  cent,  of  the  medical  schools 
required  for  admission  more  than  one-year  high-school  course, 
as  compared  with  33  per  cent,  of  the  law  schools  and  80  per 

PkOFESSIOXAL  EdUCATIOX   IX   THE   UNITED   STATES   FOR    1898-99. 

Adapted  from  Table  4  of  the  President's  Address  on  "Engineering 
Education  in  the  United  States  at  the  End  of  the  Century ' '  by  Professor 
Ira  O.  Baker.    Proc.  S.  P.  E.  E.,  Vol.  XHI,  1900,  p.  16. 


Item.  Law. 


Engineer- 
ing. 


Schools fe-e  15(3  89 

Requirements  for  admission : 

CoUege  degree. j  2.3^  ^^^ 

Competion  of  junior  year |     college  work         O.l^c         1-1% 

Completion  of  freshman  year ^ 

4->T.  high  school  course 3.5^ 

3-\T.  high  school  course 14 

2-jT.  high  school  course 13 

1->T.  high  school  course 9 

Common  school 30 

None  or  indefinite 28 

Length  of  course: 

4-jT.  course 

3->T.  course 51 

Less  than  3-yr 43 

Average  length  of  yearly  session  ....  7^  mo.  7  mo.       8.7mo. 

cent,  of  the  engineering  schools.  Moreover,  91  per  cent,  of  the 
medical  schools  had  a  four-year  course  with  an  average  of  28 
months  in  attendance,  as  compared  with  98  per  cent,  of  the 
engineering  schools  with  an  average  of  35  months  in  attend- 
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anee.  The  law  school  course  was  much  briefer  than  that  of 
either  of  the  others.  Accordingly,  twenty  years  ago  the  re- 
quirements for  admission  to  engineering  schools  as  well  as  the 
length  of  course  greatly  exceeded  those  of  the  law  and  the 
medical  schools. 

The  same  tests  applied  at  the  present  time  show  changes 
decidedly  unfavorable  to  the  engineering  schools.     The  med- 
ical schools,  twenty  years  ago  at  the  bottom,  are  now  at  the 
top;  while  the  engineering  schools,  twenty  years  ago  at  the 
top,  are  now  at  the  bottom,  with  the  law  school  in  a  middle 
position.     Furthermore,  the  leading  dental  colleges  will  re- 
quire in  1921  one  year  of  liberal  arts  college  credit  for  en- 
trance to  the  four-year  dental  course.    Moreover,  the  gradua- 
tion   requirements   of   the    leading   schools   of    theology    now 
consist  of  a  four-year  liberal  arts  course  plus  a  three-year 
theological  course.     Accordingly  the  engineering  colleges,  re- 
quiring four  years  of  study  in  addition  to  a  four-year  high- 
school  course,  are  now  fifth  on  the  list  of  professional  colleges. 
Indeed  it  is  very  doubtful  if  they  should  be  classed  as  pro- 
fessional colleges  at  all.     There  is  certainly  much  justice  in 
classifying  technological  schools  in  the  reports  of  the  United 
States  Bureau  of  Education  with  universities  and  colleges, 
while  schools  of  medicine,  law,  dentistry,  theology,  pharmacy 
and  veterinary  medicine  are  classed  together  as  professional 
schools. 

These  advances  have  not  been  brought  to  pass  by  the  med- 
ical, legal  and  dental  professions  without  great  effort.  After 
years  of  work  the  Council  on  Medical  Education  of  the  Amer- 
ican Medical  Association  has  prescribed  standards  by  which 
medical  schools  are  now  classified  into  A,  B  and  C  classes. 
The  State  Medical  Examining  Boards  have  cooperated  volun- 
tarily, by  deciding  that  they  would  accept  only  graduates 
from  recognized  schools.  As  a  result  of  this  policy,  there  are 
now  85  recognized  medical  schools,  78  of  which  require  two 
years  or  more  of  work  in  the  liberal  arts  college  for  entrance 
to  the  medical  course.     Furthermore,  eight  schools  are  now 
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requiring,  in  addition  to  two  years'  work  in  a  liberal  arts  col- 
lege, and  a  four-year  medical  course,  a  seventh  year  as  intern 
before  granting  the  degree  of  ]M.D.  In  addition  to  the  stand- 
ardization of  medical  schools,  a  model  curriculum  has  been 
prepared. 

In  the  case  of  law  schools,  rapid  development  is  now  taking 
place.  Among  the  fifty  law  schools  holding  membership  in 
the  Association  of  American  Law  Schools,  about  twenty  now 
require  two  years  or  more  of  liberal  arts  work  for  entrance  to 
the  law  course  of  three  years  or  more.  The  American  Bar 
Association  is  at  work  on  the  problem  of  standardization  of 
law  schools.  It  is  expected  that  the  meeting  of  the  association 
at  St.  Louis  this  summer  will  initiate  a  plan  which  will  accom- 
plish this  end. 

It  is  interesting  to  note  that  the  curricula  of  the  law  schools 
have  followed  so  closely  the  leadership  of  the  law  schools  at 
Harvard  and  Columbia  that  there  is  no  need  for  a  model 
curriculum. 

In  the  case  of  the  dental  colleges,  the  Dental  Faculties' 
Association  of  American  Universities  and  the  Dental  Educa- 
tional Council  have  been  engaged  for  some  time  upon  the 
problem  of  standardization  of  dental  schools.  In  1921  the 
dental  colleges  holding  membership  in  the  Dental  Faculties' 
Association  of  American  Universities  will  require  one  year  of 
liberal  arts  work  for  entrance  to  the  four-year  dental  course. 
It  is  expected  that  this  requirement  will  be  raised  later  to 
two  years'  liberal  arts  and  four  years'  dental  work.  The  final 
step  is  expected  to  be  a  seven-year  course  with  combined  work 
in  the  liberal  arts  college,  the  medical  college,  and  the  dental 
college. 

Certain  immediate  effects  of  the  higher  graduation  require- 
ments of  the  medical,  legal  and  dental  schools  are  obvious. 
In  the  first  place,  the  more  thoughtful  and  resourceful  stu- 
dents, other  things  being  equal,  will  be  attracted  to  these  pro- 
fessions by  the  fact  that  they  are  apparently  of  higher  grade 
than  the  engineering  profession.    In  the  seeand  place,  the  stu- 
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dents  who  come  to  a  university  as  they  would  come  to  a  trade 
school,  with  the  purpose  of  finding  the  shortest  cut  to  a  fairly 
respectable  job  that  will  provide  them  a  living,  will  be  at- 
tracted to  the  engineering  profession.  In  addition  to  these 
immediate  effects,  it  is  not  difiicult  to  forecast  something  of 
the  ultimate  result  of  the  competition  for  leadership  in  a 
given  community  between  graduates  who  have  been  broadly 
and  thoroughly  trained  in  the  medical,  legal  and  dental 
schools,  and  graduates  who  have  been  narrowly  and  super- 
ficially trained  in  the  engineering  schools.  We  will  all  agree 
that  engineering  schools  should  be,  and  are,  consecrated  to  the 
task  of  fashioning  a  human  product  which  shall  lead  our  com- 
munities into  ways  of  keen  analysis  of  their  problems,  and  the 
economic  execution  of  every  kind  of  project.  But  without 
the  broadest  and  most  thorough  training,  will  such  leadership 
be  gained  by  the  engineering  profession? 

A  clear  statement  of  the  issues  involved  is  contained  in  the 
following  incident  from  a  paper  by  Nelson  P.  Lewis,*  chief 
engineer  of  the  Board  of  Estimate  and  Apportionment  of  New 
York  City,  as  follows  : 

The  head  of  a  large  industrial  corporation,  who  was  also  the  chairman 
of  a  board  of  trustees  of  an  engineering  school  and  was  urging  the 
broadening  of  engineering  education,  put  the  case  in  this  way:  "We 
can  get  plenty  of  men  who  are  technically  competent,  who  are  careful 
and  thorough  in  their  investigations,  whose  conclusions  we  know  to  be 
sound,  but  who  cannot  make  a  favorable  impression  before  a  board  of 
directors.  We  can  get  plenty  of  lawyers  who,  after  being  coached  by  our 
engineers,  can  glibly  and  even  convincingly  talk  to  the  same  board  of 
directors  until  some  question  is  asked  which  has  not  been  covered  in  the 
process  of  coaching,  when  they  too  vrill  flounder  about.  If  we  can  se- 
cure a  man  who  possesses  the  conscientious  thoroughness  and  accuracy  of 
the  engineer,  and  also  has  the  facility  of  expression  and  persuasiveness 
of  the  lawyer,  what  is  a  salary  of  $25,000  or  of  $30,000  for  such  a  man?" 

He  therefore  urged  that  this  particular  school,  instead  of  trying  to 
turn  out  a  large  number  of  $2,000  to  $5,000  men,  give  to  the  profession 
a  limited  number  of  $25,000  to  $30,000  men. 

In  this  connection  one  cannot  help  inquiring  to  what  extent 

*  Nelson  P.  Lewis,  ' '  The  Colleges  Should  Humanize  Courses  in  Engi- 
neering,"  Engineering  Becord,  Vol.  75,  February  10,  1917,  p.  213. 
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the  prevailing  complaint  against  underpay  by  the  engineering 
profession,  both  practitioners  and  teachers,  is  due  solely  to 
the  faults  of  the  individuals  themselves  in  not  possessing  the 
qualities  of  leadership  which  are  always  held  at  a  hi^ 
premium.  As  an  illustration  of  this  phase  of  the  situation, 
the  following  advertisement  in  Engineering  Education  for 
May,  1920,  is  of  interest : 

Applications  are  invited  for  the  head  of  the  department  of  mechan- 
ical engineering  in  a  southern  state  university.  The  present  initial  sal- 
ary is  $2,100  for  eight  and  one  half  months'  -work.  Action  is  pending 
in  the  legislature  on  increased  appropriations  to  raise  the  salary  scale 

50  per  cent. 

Factors  in  Standardi-zation  of  Engineering  Schools. 

With  engineering  schools  at  the  bottom  of  the  list  so  far  as 
requirements  for  graduation  are  concerned,  it  would  seem 
that  it  is  high  time  for  the  development  of  a  comprehensive 
plan  for  the  standardization  of  engineering  schools  and  of 
their  curricula.  The  following  factors  are  suggested  as  of 
possible  importance  in  such  a  plan  for  standardization.  The 
factors  are  based  to  a  large  extent  upon  the  present  schedule 
for  grading  medic-al  schools. 

1.  Length  of  curriculum  including  requirements  for  en- 
trance, etc.; 

2.  Character  of  curriculum,  grading  of  courses,  sequence  of 
subjects,  supervision,  administration,  etc. ; 

3.  Engineering  school  buildings,  adaptability,  heat,  venti- 
lation, cleanliness,  etc. ; 

4.  Laboratory  facilities; 

5.  Cooperation  with  the  industries; 

6.  Student  organizations  and  extra-curriculum  activities: 

7.  Full-time  instructors  and  assistants  with  special  refer- 
ence to  their  qualifications  and  evidences  of  their  work  includ- 
ing research ; 

8.  Faculty,  number,  qualifications  and  organization: 

9.  Library,  museum,  charts  and  special  apparatus,  and  evi- 
dences of  the  use  made  of  them ; 
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10.  Showing  of  graduates  at  state  board  and  other  examina- 
tions, and  other  evidences  by  which  the  training  received  is 
indicated. 

Of  course  the  preparation  of  a  model  curriculum  would  be 
one  step  in  the  process  of  standardization. 

Ohjectiom   to  Standardization   of  Eiigineering  Schools  and 

Curricula. 

Objections  to  any  proposition  for  standardization  of  engi- 
neering schools  and  curricula  may  be  expected.  When  the 
combined  liberal  arts  and  medical  course  was  proposed,  such 
a  plan  was  pronounced  by  one  distinguished  educator  to  be 
pernicious ,;  by  another,  "to  be  a  very  dangerous  process,  that 
indeed  there  is  no  more  alarming  process  now  going  on  in  the 
United  States  in  regard  t«  education  than  this.''  Associa- 
tions of  college  presidents  protested  against  it,  and  resolutions 
to  prohibit  the  practice  were  considered  by  the  board  of  re- 
gents of  the  University  of  the  State  of  New  York.  The  length- 
ened course  was  declared  to  work  a  hardship  upon  the  poor 
boy  who  wants  to  get  an  education.  The  unanswerable  ques- 
tion was  propounded,  "Who  will  practice  at  the  country  cross- 
roads and  the  backwoods  districts  if  a  thorough  medical  train- 
ing is  insisted  on?" 

Two  possible  objections  to  the  project  under  consideration 
may  be  briefly  discussed.  In  the  first  place,  it  may  be  ob- 
jected that  standardization  will  mean  stagnation  in  engineer- 
ing education  rather  than  progress.  The  practical  answer  to 
such  an  objection  is  the  experience  of  the  medical  schools  of 
the  United  States.  Standardization  in  the  sense  that  aU  insti- 
tutions would  be  in  the  same  lock-step  is  not  intended.  For 
instance,  it  is  said  that  no  medical  school  in  the  country  con- 
forms to  the  model  curriculum  prepared  by  the  American 
Medical  Association,  and  yet  every  medical  school  is  pro- 
foundly grateful  that  such  a  model  curriculum  has  been  pre- 
pared. By  such  standardization  as  is  contemplated,  sufficient 
elasticity  would  be  provided  so  that  the  individualities  of  the 
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various  schools  would  not  be  unnecessarily  interfered  with. 
By  frequent  revision  of  the  standards,  progress  made  in  any 
direction  anywhere  would  become  quickly  available  every- 
where. The  individuality  of  different  teachers  would  be  re- 
flected in  the  different  content  and  length  of  the  several  parts 
of  the  curriculum  of  any  institution. 

A  second  objection,  more  real  than  the  first,  is  that  addi- 
tional requirements  for  graduation  will  decrease  the  number 
of  graduates,  and  that  at  the  present  time  there  is  a  great 
under-supply  of  engineers.  If  there  is  at  the  present  time  an 
under-supply  of  engineers,  the  advertisements  for  positions 
wanted  in  Engineering  News-Record  and  the  activities  of  the 
employment  agencies  seeking  employment  for  engineers  give 
an  erroneous  impression.  Such  increases  as  have  been  made  in 
the  requirements  in  the  past  have  not  had  the  effect  of  greatly 
curtailing  the  number  of  engineers.  The  law  of  supply  and 
demand  has  worked  very  well  in  the  past  and  may  be  expected 
to  in  the  future.  At  times  there  will  be  a  scarcity  of  engi- 
neers, and  at  other  times  as  we  all  know,  there  will  be  a  great 
surplus. 

The  Next  Step. 

President  Hollis,  in  his  address  before  this  Society  last  year, 
on  "Engineering  Colleges  and  Administration,"  gave  as  one 
of  his  conclusions,  ''that  the  national  engineering  societies 
should  be  asked  to  cooperate  not  only  with  this  association, 
but  with  the  colleges  themselves  toward  broadening  out  engi- 
neering education."  In  harmony  with  this  suggestion  and 
with  the  facts  stated  in  this  discussion,  it  is  believed  that  this 
societ}'  should  appoint  a  committee  on  curricula  of  engineer- 
ing schools  to  cooperate  with  the  existing  committee  on  cur- 
ricula of  engineering  schools  of  Engineering  Council,  the 
membership  of  which  consists  of  Alexander  C.  Humphreys, 
chairman,  D.  S.  Jacobus,  Edwin  Ludlow  and  Comfort  A. 
Adams.  By  the  cooperation  of  these  committees,  a  plan  could 
be  devised  to  bring  about  such  a  degree  of  standardization  as 
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will  fit  the  present  situation,  and  will  prepare  for  future  de- 
velopments in  further  cooperation  and  standardization. 

A.  N.  Talbot:  Mr.  President,  it  has  been  suggested  that  a 
brief  reference  to  the  results  of  a  piece  of  cooperativev  work 
of  the  Society,  may  be  of  interest  at  this  time.  At  the  request 
of  Captain  John  Halligan,  Jr.,  who  at  the  time  was  the 
head  of  the  post-graduate  department  of  the  United  States 
Naval  Academy,  the  Secretary  of  the  Navy  asked  the  presi- 
dent of  this  Society  to  appoint  a  committee  to  go  to  An- 
napolis and  confer  regarding  the  work  of  the  post-graduate 
department.  The  Committee  appointed  consisted  of  Pro- 
fessor Swain,  as  Chairman,  Professor  Breckenridge,  of  Yale, 
Dean  Bishop,  of  Pittsburgh,  Professor  Karapetoff  of  Cornell, 
and  myself.  A  three  days'  conference  was  held  at  Annapolis 
in  January,  1916.  The  work  of  the  post-graduate  depart- 
ment, which  is  separate  from  the  academy  itself  in  its  organi- 
zation, takes  as  graduate  students  naval  ofificers  who  have 
been  out  from  the  academy  from  two  to  six  years.  The  first 
year,  or  part  of  the  year,  is  given  at  the  academy.  The  other 
year  or  two  years  are  taken  at  one  of  three  or  four  engineer- 
ing schools  that  are  strong  in  the  particular  lines  that  these 
men  are  to  study,  mechanical  engineering,  electrical  engineer- 
ing, etc.  Only  the  first  year's  work  was  considered  by  this 
committee.  A  number  of  recommendations  were  made  by  the 
committee  in  its  report.  The  war  came  on  before  there  was 
time  to  put  these  recommendations  into  eflPect.  For  obvious 
reasons,  the  Post-Graduate  Department  was  discontinued  dur- 
ing the  war;  the  instructors  in  the  department  were  set  to 
teaching  in  the  academy,  and  it  was  only  about  a  year  ago 
that  the  work  was  reestablished.  Since  then  I  have  had  op- 
portunity to  know  something  of  what  has  been  done  through 
Captain  King,  the  present  head  of  the  post-graduate  depart- 
ment. Captain  King  says  that  the  report  has  been  of  great 
advantage  to  him  and  to  the  department.  One  of  the  recom- 
mendations contemplated  a  special  building  for  the  Depart- 
ment.    The  Marine  Hospital  Building  has  now  been  turned 
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over  to  the  post-graduate  department,  and  it  makes  most  ex- 
cellent quarters  for  the  work.  They  are  also  getting  equip- 
ment which  they  need.  There  has  been  an  increase  in  the 
teaching  staff.  Captain  King  reports  that  there  are  a  num- 
ber of  matters  in  the  report  of  the  committee  which  he  is 
taking  advantage  of  and  which  he  expects  will  be  of  value  in 
in  getting  things  done  in  the  next  few  years.  I  think  this 
reference  to  the  results  of  the  activity  of  a  committee  that 
was  constituted  by  the  Society  may  be  worth  giving  as  show- 
ing a  by-product  of  the  Society. 

"While  I  am  speaking  of  the  Naval  Academy,  I  should  like 
to  make  a  statement  concerning  some  changes  in  conditions 
at  the  academy,  particularly  as  Dean  Cooley  referred  yes- 
terday to  teaching  methods  there.  Due  to  the  increase  in  stu- 
dents, the  number  of  midshipmen  now  being  something  like 
two  thousand,  and  to  the  difficulty  in  taking  a  large  number 
of  naval  officers  away  from  naval  duties,  there  have  come 
changes  in  the  nature  of  the  teaching  staff;  there  are  nov/ 
over  one  hundred  civilian  instructors,  nearly  as  many  as  the 
number  of  naval  officers  in  the  instructing  force.  I  am  glad 
to  say  that  the  selection  of  these  men.  the  method  of  selec- 
tion, and  perhaps  the  quality  of  the  men  in  training,  educa- 
tion, and  later  development,  seem  to  be  excellent.  In  the  last 
two  years  changes  have  taken  place  in  the  status  of  the 
civilian  instructors,  in  their  tenure  of  appointment,  their 
salaries,  that  is  quite  encouraging.  Formerly  the  instructor 
was  appointed  without  definite  tenure.  Promotion  was  un- 
certain and  rather  accidental.  I  judge,  but  now  an  academic 
rank  has  been  given  to  civilian  instructors,  so  that  tiiere  are 
instructors,  assistant  professors,  and  professors  with  tenure 
of  office  and  salaries  corresponding  with  the  rank;  and  while 
the  salaries  are  not  yet  as  high  as  they  should  be,  they  com- 
pare favorably  with  what  is  paid  at  other  institutions  of  the 
country.  I  hesitate  to  speak  of  the  matter  of  instruction.  I 
think  Dean  Cooley  yesterday  must  have  been  referring  to 
what  was  done  perhaps  a  generation  ago.  but  as  a  member  of 
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Board  of  Visitors  I  have  had  an  opportunity  to  see  some- 
thing of  the  instruction  there,  and  I  believe  real  teaching  is 
done.  I  am  sure  they  have  it  in  mathematics  and  mechanics, 
and  also  in  physics  and  English  and  modern  languages.  I 
am  not  speaking  of  the  aim  of  their  teaching  (it  has  not  the 
same  ideal  as  our  college  teaching),  but  for  what  the  naval 
officers  feel  they  want  given  to -the  midshipmen,  the  Id- 
structors  at  the  naval  academy  are  certainly  making  a  great 
effort  to  teach,  and  it  is  no  longer  necessary  for  the  mid- 
shipman to  learn  the  best  they  can  by  themselves. 


REVISION    OF    ENGINEERING    CURRICULA    AT 
THE  UNIVERSITY  OF  MICHIGAN. 

M.  E.  Cooley:  Mr.  President  and  gentlemen:  A  number  of 
you  know  that  we  here  at  Michigan  have  had  under  con- 
sideration during  the  past  year  plans  for  revising  our  several 
curricula.  A  Committee  report  submitted  last  December  has 
been  under  discussion  since  then  by  our  faculty  sitting'  in 
committee  of  the  whole,  so  that  the  younger  members  could 
participate.  One  of  the  main  results  developed  by  the  dis- 
cussion is  a  strong  sentiment  in  favor  of  a  five-year  course. 
The  fifth  year  would,  however,  be  optional.  The  Bachelor's 
degree  would  as  now.  be  conferred  at  the  end  of  four  years, 
and  the  Master's  degree  at  the  end  of  five. 

Some  parts  of  the  technical  work  now  included  in  the 
four-year  course  would  be  transferred  to  the  fifth  year,  its 
place  being  taken  by  more  general  studies. 

The  one  feature  of  the  plan  which  impresses  me  favorably 
is  the  iitilization  of  what  we  call  the  "  ribbon  "  system,  as 
opposed  to  the  "  block  "  system.  In  the  block  system  a  sub- 
ject, like  English  for  example,  is  taken  up  and  finished  in 
comparatively  short  order.  Another  subject  is  then  taken  up 
and  finished,  and  so  on.  The  engineering  courses  do  not  get 
much  of  a  start  before  the  junior  year.  From  that  time  on 
the  work  is  largely  technical.  In  the  ribbon  system  the 
principal  divisions  of  work  are  carried  through  the  entire 
course,  starting  with  the  freshman  class.  This  would  in- 
clude some  parts  of  the  technical  work.  The  ribbon  would 
embrace,  say,  (1)  languages,  and  other  literary  subjects, 
(2)  sciences,  (3)  mathematics  and  mechanics,  and  (4)  engi- 
neering subjects. 

It  might  be  that  instead  of  finishing  English  and  modern 
languages  in  the  sophomore  year  they  would  be  a  part  of  tlie 
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work  of  the  third,  fourth,  or  even  the  fifth  year.  Nothing  has 
yet  been  finally  decided,  but  it  is  intended  to  set  up  the  cur- 
riculum during  the  summer  and  present  it  next  fall.  The 
faculty  will  then  have  another  opportunity  for  discussion, — 
the  whole  year  if  they  want  it. 

To  give  a  little  idea  of  how  our  minds  are  working,  let  me 
introduce  a  few  figures.  Our  present  four-year  course  re- 
quires 140  hours  of  work  to  graduate.  The  term  "hour" 
means  one  recitation  a  week,  or  its  equivalent,  for  one  semes- 
ter. Just  for  the  purpose  of  illustration,  suppose  we  added 
thirty-six  hours  more  for  the  fifth  year,  making  176  hour?;, 
and  divide  by  four.  That  gives  fortj-four  hours.  If  then 
our  ribbon  has  four  colors,  say,  each  of  them  represents  forty- 
four  hours.  There  would  be  forty-four  hours  of  literary 
work;  forty- four  hours  of  mathematics,  including  engineer- 
ing mathematics ;  forty-four  hours  of  sciences,  and  forty-four 
hours  of  engineering.  There  might  be  more  or  less  of  any  one 
of  them.  The  four  colors  would  run  straight  through  the 
whole  four  or  five  years. 

At  the  end  of  the  fourth  year,  the  student  would  be  gradu- 
ated as  Bachelor  of  Science  in  Engineering.  Those  who  stayed 
the  fifth  year  would  receive  the  Master's  degree.  "While  the 
four-year  man  might  not  be  as  well  prepared  in  a  technical 
sense  as  now,  he  would  have  other  things  which  it  is  be- 
lieved would  make  him  a  better  all-round  engineer.  In  the 
fifth  year  he  would  complete  the  balance  of  the  technical 
work  and,  presumably,  some  additional  courses  of  a  technical 
character.  It  is  thought  that,  while  at  the  beginning,  there 
would  not  be  a  large  number  taking  the  five-year  course,  the 
number  would  gradually  increase. 

We  have  a  five-year  course  today  and  it  has  worked  sur- 
prisingly well.  We  are  affiliated  with  Albion  College  and 
also  with  Olivet  College.  Some  others  are  under  considera- 
tion. The  student  takes  at  Albion  College,  or  Olivet,  three 
years  of  his  regular  college  work.  He  then  comes  to  the 
University  and  takes  one  year  in  engineering,  on  completion 
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of  which  he  returns  to  Albion  or  Olivet  for  his  Bachelor's 
degree.  On  completion  of  his  fifth  year  work  with  us  he 
takes  our  Bachelor's  degree.  About  thirty  students  have 
come  to  us  from  Albion  in  the  last  two  or  three  years  and 
they  have  done  fine  work. 

In  this  aflfiliatiou  the  University  has  insisted  that  no  engi- 
neering work  shall  be  taught  in  the  college.  The  college  is 
free  to  teach  any  other  subject,  being  careful  to  prepare  the 
students  in  mathematics  and  the  sciences  and  other  subjects, 
which  will  enable  them  to  carry  on  their  engineering  work 
when  they  come  to  the  University.  I  believe  the  results  of 
such  cifiiliation  will  be  very  marked  in  the  future.  I  have  the 
feeling  that  out  of  that  kind  of  an  education  will  come  a 
different  type  of  engineer.  "We  hope  sometime  to  have  a 
similar  arrangement  with  our  own  literary  college. 

Please  understand  that  what  I  have  said  about  our  revised 
curricula  is  in  the  nature  of  a  progress  report,  nothing  has 
yet  been  finally  settled. 


REPORT   ON   THE   COURSE   IN    ENGINEERING 

PROBLEMS  TAUGHT  AT  IOWA  STATE 

COLLEGE,  1919-1920. 

BY  E.  C.  KIEFER, 
Assistant   Professor  of   Mathematics,   Iowa   State   College. 

Problems  for  first-year  college  students  in  engineering  have 
been  talked  of  and  discussed  for  some  years,  and  at  various 
times  articles  on  the  subject  have  been  presented  before  this 
society,  but  until  recently  ver^-  little  has  been  done  to  actually 
put  it  into  practice.  Many  of  the  ideas  have  been  carried 
out  at  the  Tniversity  of  Washington.  Greater  activity  in 
this  field  have  been  shown  since  the  conclusion  of  the  World 
War,  due  to  the  marked  success  of  the  experiment  in  army 
training  camps. 

At  the  meeting  of  this  society  last  year  considerable  was 
said  regarding  the  ^\ork.  In  a  paper  by  Dean  ]\Iarston,  of 
the  engineering  division  at  Iowa  State  College,  he  proposed 
to  add  engineering  problems  as  a  regular  college  course  for 
freshmen.  Accordingly,  W.  E.  Duckering,  formerly  of  the 
University  of  Washington  and  also  Captain  in  the  Army 
Engineer  School  at  Camp  A.  A.  Humphreys,  Va.,  was 
secured  to  carry  forward  the  work.  It  was  my  privilege  to 
be  one  of  the  corps  of  teachers  selected. 

In  the  following  paragraphs  I  will  endeavor  to  outline  the 
work  as  given  this  past  year,  and  mention  some  of  the  pro- 
posed changes  for  the  coming  year.  In  no  manner  must  it 
be  supposed  that  this  paper  is  an  argument  for  either  the 
methods  used  or  methods  to  be  tried,  but  rather  a  simple 
testimony  -without  conclusions. 

The  purpose  of  the  course  is  to  develop  the  student  mind 
along  the   lines   of   engineering  activity,   and   also  to   more 
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closely  correlate  the  enginefring  college  and  allied  depart- 
ments. It  is  not  proposed  to  cover  a  certain  fixed  amount 
of  subject  matter  in  a  prescribed  time. 

The  engineer  is  characterized  by  a  fearlessness  in  the  face 
of  unfamiliar  situations,  a  keen  desire  to  meet  engineering 
problems  squarely,  and  a  cheerful  acceptance  of  obstacles. 
He  is  willing  to  a.>semble  all  relevant  data  and  carefully  use 
that  data  toward  a  useful  end. 

The  student  should  be  surrounded  with  an  atmosphere 
which  encourages  initiative  and  self-reliance,  the  power  of 
observation  and  judgment,  persistence,  accuracy,  and  thor- 
oughness, and  the  habit  of  independent  study  and  thought. 

To  stimulate  the  correlation  idea  the  instructors  for  the 
course  were  selected  from  the  several  departments  of  the 
engineering  division  and  two  men  from  the  department  of 
mathematics.  By  such  a  selection  it  was  thought  the  prob- 
lems would  be  viewed  from  the  standpoint  of  the  general 
engineer,  and  so  presented  that  no  particular  group  of  stu- 
dents would  feel  the  course  did  not  belong  to  them. 

As  often  as  seemed  necessary  a  conference  of  the  instruc- 
tors was  called  at  which  each  spoke  his  mind  freely.  It  was 
the  same  in  this  as  in  other  branches  of  teaching,  to  use  the 
slang,  '"put  it  across'*  and  retain  the  students'  interest. 

One  three-hour  session  per  week  throughout  the  year  was 
used  for  the  course.  Drafting  rooms  were  assigned  for  the 
classes  as  far  as  possible,  that  the  student  might  have  suffi- 
cient room  on  the  drafting  table  to  lay  his  paper  and  other 
materials  without  crowding. 

By  means  of  concrete  problems  dealing  with  physical 
situations,  it  was  possible  to  awaken  the  interest  of  the  stu- 
dent and  acquaint  him  with  the  engineering  field  of  thought 
and  activity.  There  are  two  types  of  problems;  the  study 
problem,  in  which  the  engineering  situation  and  methods  of 
analysis  are  presented  as  accurately  as  possible;  and  the 
drill  problem,  which  is  primarily  for  the  purpose  of  training 
the  student  in  getting  results  in  the  most  economical  and 
efficient  manner.     The  student  was  not  necessarily  graded 
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on  the  study  problem  work,  but  his  papei"s  were  examined 
with  a  vew  of  giving  him  helpful  suggestions. 

Every  main  study  problem  was  accompanied  by  a  variety 
of  short  drill  problems  of  a  similar  nature.  Two  methods  of 
presentation  were  employed,  one  taking  the  study  problem 
as  far  as  possible,  then  halting  to  take  up  special  points  with 
drill  problems,  then  proceeding  to  the  main  problem;  the 
other  method,  taking  up  a  series  of  fundamental  drill  prob- 
lems, then  turning  to  the  main  study  problem  to  apply  the 
drill  exercises.  In  all  cases  the  student  was  dra^^"n  into  dis- 
cussion and  allowed  a  chance  to  speak  or  write  his  thoughts 
freely.  ]\lany  times  his  ideas  were  false,  but  the  main  object 
was  to  get  him  to  think  and  reason  independently.  Our 
problems  were  not  "cut  and  dried"  textbook  problems  that 
always  come  out  nicely,  but  were  of  a  variety  of  actual 
structures,  some  of  which  were  good  design  and  some  poor, 
but  all  common  enough  to  be  understood  by  the  average  fresh- 
man. To  be  sure  it  was  not  supposed  that  these  men  would 
be  able  to  analyze  a  structure,  or  be  proficient  in  mechanics 
upon  completing  the  course,  but  rather  to  get  them  into  the 
frame  of  mind  of  the  engineer.  Only  such  parts  were  dis- 
cussed as  required  but  little  technical  knowledge. 

All  work  was  done  on  standard  mechanics  paper  8^"  X  H". 
^Margins  were  ruled  on  the  top  and  each  side.  The  upper 
margin  was  ruled  into  three  sections  and  used  for  date,  name, 
problem  and  sheet  niunber.  The  right  margin,  about  f" 
wide,  was  used  for  index  headings  for  the  parts  of  the 
problem,  and  the  left  margin,  from  1^"  to  2"  wide,  was  used 
for  scratch  work  or  computations.  These  computations  were 
to  be  clearlj"  shown  so  mistakes  might  be  checked.  The 
several  parts  of  the  problem  were  separated  by  horizontal 
lines  extending  entirely  across  the  page  and  results  specially 
indicated. 

A  medium  hard  pencil  was  used  throughout  the  coui^se,  and 
sketches  and  diagrams  made  ^vith  the  aid  of  triangles  and 
scale  and  of  such  sizes  as  to  he  easily  read.  Accuracy  was 
stressed  as  absolutely  essential  to  their  training  as  engineers 
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and  little  or  no  credit  driven  for  careless  work.  Check 
methods  were  used  whenever  possible.  Non-essential  putter- 
ing was  discouraged  by  leading  the  student  through  the  prob- 
lem by  a  logical  and  smooth  route. 

Marks'  Hand-book  for  ^Mechanical  Engineers  was  used  for 
reference  only  and  not  as  a  text.  By  this  means  the  student 
became  familiar  with  a  standard  handbook  early  in  his  career. 

The  fii-st  study  problem  was  the  investigation  of  a  King- 
post truss  24  feet  long,  over  a  deep  rocky  gorge.  This  prob- 
lem was  long  and  bulky  and  had  to  be  taken  slowly  as  the 
great  number  of  new  terms  such  as.  rigid-body,  equilibrimii, 
moments,  resolution  of  forces,  etc..  were  new  to  nearly  all 
the  students,  and  required  comprehensive  explanation. 

The  specifications  were  given  and  suflTicient  drawings  to 
enable  the  student  to  get  an  idea  of  the  structure.  A  certain 
moving  load  was  given  to  determine  the  safety  of  the  various 
members  of  the  bridge.  As  each  member  was  taken  up,  its 
use  was  discussed,  then  the  possible  ways  it  might  fail.  If 
unsafe,  how  could  it  be  made  safe  in  the  field?  The  actual 
computations  were  postponed  until  the  discussion  was  well 
along. 

When  the  hanger  was  analyzed  the  method  of  upsetting  a 
rod  for  threading,  to  maintain  its  strength,  was  mentioned  for 
the  first  time.  It  seemed  that  a  new  channel  of  thought  was 
here  introduced  as  most  of  the  men  had  never  given  tlie 
matter  attention  as  to  how  threads  cut  on  a  bar  would  reduce 
its  strencrth,  and  they  became  more  critical  and  were  on  the 
look-out  for  unthought-of  flaws.  Marks'  Handbook  on  Up- 
setting and  Thread  Cutting  was  here  used  to  advantage. 

In  finding  the  stress  in  the  several  members,  the  free-body 
sketch  was  introduced  and  discussed  at  length  for  use  in 
subsequent  problems. 

When  the  end-posts  were  considered,  the  notion  of  com- 
pression on  long  and  short  columns  of  various  cross-sections 
was  discussed.  Formulas  commonly  used  in  practice  were 
taken  from  the  handbook  and  used  in  this  connection.  The 
end-posts  were  found  inadequate  as  specified,  then  again  the 
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question  was:  how  could  they  be  made  safe  by  the  use  of 
materials  likely  to  be  found  in  the  field. 

The  lower  chord  was  next  in  order  for  investigation,  and 
at  this  point  the  students  were  thrown  onto  their  own  re- 
sources to  a  greater  extent,  as  the  mathematics  and  reason- 
ing involved  were  similar  to  that  already  studied. 

The  matter  of  the  safety  of  the  floor-beams,  sills,  and  plank- 
ing was  deferred  until  a  lat-er  date,  and  was  finally  taken  up 
near  the  end  of  the  course. 

The  second  study  problem  was  to  determine  why  a  certain 
steel  water  tank  on  a  wooden  tower  fell  over  in  a  high  wind. 
This  brought  out  a  number  of  new  mechanics  concepts, 
some  of  which  were,  weight  of  water,  -^-ind  pressure  on  fiat 
and  cylindrical  surfaces,  couples,  equilibrium  of  rotation  of 
forces  in  a  plane,  increased  reactions  and  uplift  due  to  wind, 
pressure  on  soil,  and  safety  of  concrete  in  bearing. 

Here  again  a  great  deal  of  time  was  given  to  discussion, 
and  the  student  allowed  plenty  of  chance  to  express  his  ideas. 
Computations  were  started  early  in  this  problem,  and  as  new 
ideas  were  needed  they  were  taken  up  in  det<iil  and  many 
illustrations  used. 

In  general,  the  majority  of  the  classes  concluded  the  first 
term's  work  with  this  problem,  although  as  before  mentioned 
no  particular  amount  of  t\  ork  had  to  be  covered  in  a  specified 
time. 

The  second  term  opened  with  the  design  of  the  proper  cable 
for  a  mine  hoist,  operating  with  a  certain  maximum  load  and 
speed.  .  This  brought  up  the  question  of  the  selection  of  cable 
for  this  class  of  work,  as  explained  in  the  handbook. 

Here  for  the  first  time  in  the  course  the  student  was  re- 
quired to  define  energy,  work,  and  power ;  and  speed,  velocity, 
and  acceleration,  then  to  note  their  proper  usages. 

After  designing  the  cable,  the  size  of  motor  and  brakes 
were  taken  up  in  later  problems  and  further  clinched  the 
physical  notions  of  work  and  power.  A  number  of  problems 
of  a  similar  nature  were  assigned  and  the  students  asked  to 
do  these,  independent  of  suggestions  as  far  as  possible.   When 
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the  bmkes  were  considered  the  notion  of  friction  was  first 
introduced  and  discussed.  Not  being  equipped  w  ith  a  knowl- 
edge of  the  calcuhis,  the  students  were  given  some  data  re- 
garding normal  pressure  on  the  brake-drum.  They  refered 
to  the  handbook  for  a  formula  in  which  Naperian  logarithms 
were  used.  This  gave  them  first-hand  use  of  their  training 
in  logarithms  and  the  solution  of  exponential  equation. 

Since  the  slide-rule  is  so  commonly  used  by  engineers,  it 
was  deemed  ad'\dsable,  at  this  time,  to  give  them  a  grasp  on 
the  underlying  principles  and  practice  in  its  accurate  use. 
The  first  period  was  devoted  to  constructing  the  A,  B,  D 
and  K  scales,  on  a  piece  of  cross-section  paper,  then  the 
4-scaIe  was  detached  and  used  in  connection  with  the  other 
scales.  Definite  rules  for  determining  the  decimal  points 
were  given  and  put  into  use  when  the  slide-rule  proper  was 
taken  up.  Accurate  settings  were  exacted,  but  no  fancy 
settings  indulged  in.  From  this  time  on  the  student  was 
expected  to  use  the  slide-rule  for  computations,  even  though 
he  complained  that  he  could  do  it  quicker  by  long-hand  and 
be  more  certain  of  his  results.  It  was  accuracy  and  practice 
and  confidence  in  results  oljtained  that  was  desired. 

No  new  subject  matter  was  introduced  in  the  third  term's 
work,  but  the  ideas  of  the  previous  two  terms  problems  pre- 
sented in  new  dress.  Further  stress  was  laid  upon  accuracy 
neatness,  and  logical  reasoning,  and  many  short  drill  prob- 
lems on  moments  were  studied. 

As  an  example  of  the  moment  idea,  the  last  study  problem 
was  the  investigation  of  a  concrete  dam  with  respect  to  over- 
turning about  the  toe,  sliding  on  the  foundation  and  rupture. 
The  class  was  given  freedom  to  do  the  problem  the  way  that 
suited  them  best;  and  fair  results  were  secured. 

It  has  been  suggested  by  members  of  the  staff  that  the 
problems  for  next  year  be  shorter,  that  is  present  only  a  few 
new  ideas  at  each  meeting  of  the  class  and  get  problems  to 
fit  the  discussion,  as  the  freshman  is  not  ready  to  attack 
long  difficult  problems  so  early  in  his  training.  By  shorten- 
ing the  problems,  the  student  may  be  given  more  time  to 
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digest  the  new  subject  materials.  It  is  further  expected  that 
the  course  for  next  year  will  be  rearranged  and  so  changed 
that  one  problem  will  not  extend  over  more  than  two  class 
periods,  thus  tending  to  encourage  the  student  to  do  a  higher 
class  of  work.  Some  have  suggested  shorter  periods  and  more 
per  week,  while  some  have  mentioned  one  4-hour  session  per 
week;  but  in  general  the  three-hour  period  seems  to  meet 
the  present  requirements. 

Since  the  course  is  in  the  experimental  stage  it  is  hoped 
that  later  other  schools  may  have  something  to  offer  as  to 
their  success  and  progress,  from  which  we  may  all  profit  by 
the  discussion. 


PAY  OF  ENGINEERING  EDUCATORS. 

BY  F.  H.  XEWELL, 
Professor,  Civil  Engineering,  University  of  Illinois. 

Present  Conditions. — "The  most  critical  problem  in  engi- 
neering today  is  to  obt^iin  a  suflScient  number  of  competent 
teachers.  The  Society  can  undertake  no  greater  task  than  to 
improve  the  condition  and  increase  the  emoluments  of  engi- 
neering teachers  so  that  engineering  students  may  all  have 
instruction  under  men  of  thorough  training  in  theory  and 
practice  who  can  comply  with  the  specifications  of  a  good  engi- 
neer."  This  is  the  statement  made  by  Professor  Milo  S. 
Ketchum  in  his  Presidential  Address  given  in  1918  (p.  31  j. 

It  is  now  two  years  since  this  assertion  was  made;  during 
that  time  conditions  have  become  worse ;  the  characterization 
that  this  is  '"'the  most  critical  problem  in  engineering  educa- 
tion" needs  to  be  even  more  emphatically  stated.  It  is  hardly 
too  much  to  urge  that  our  system  of  engineering  education  is 
likely  to  lose  public  confidence  unless  effective  steps  are  taken 
in  the  near  future  to  improve  the  conditions. 

In  these  two  years,  what  have  we  done  to  meet  this  most 
critical  problem!  Have  we,  the  teachers  and  exponents  of 
efSciency,  as  men  and  citizens  concerned  with  the  public  wel- 
fare, have  we  risen  to  the  occasion  and  effectively  acted  in  the 
emergency  ?  Hardly !  While  efforts  have  been  made  in  some 
places  and  there  are  exceptions  which  prove  the  rule,  yet  as 
a  whole  we  have  done  little  or  nothing.  "We  have  even  prided 
ourselves  upon  our  patriotic  devotion  to  the  work  and  the 
bravery  of  our  underpaid  subordinates  in  sticking  to  their 
posts  in  spite  of  the  fact  that  they  have  been  getting  into  debt 
in  order  that  they  may  comply  with  our  urgent  requests  to 
continue  their  teaching. 

Bravery  or  Timidity? — Here  is  where  there  should  be  crit- 
ical self-examination  and  questioning  as  to  whether  we  are 
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doing  the  right  thing  in  commending  the  under-paid  men  who 
have  "valiantly"  stayed  by  the  work  through  these  discour- 
aging times.  Let  us  look  fairly  and  squarely  into  our  o\ati 
motives  and  attitudes  and  those  of  these  men  who  are  staying 
at  less  than  living  wage.  Are  they  or  we  doing  this  from  con- 
scientious motives  of  patriotism,  or  through  the  exercise  of 
bravery  ?  Is  it  not  rather  the  reverse  ?  Are  they  not  staying 
through  lack  of  initiative  ?  Have  they  not  been  too  timid"^and 
too  little  accustomed  to  looking  after  themselves:  Have  they 
not  feared  to  make  a  change  and  have  chosen  to  endure 
present  ills  rather  than  fly  to  others  unknown  ?  Are  they  not 
justifying  Bernard  Shaw's  jibe?  Those  who  can,  do,  those 
who  can't  teach.  There  is  nothing  inspiring  to  the  student 
in  being  taught  by  an  under-paid  man,  one  who  is  worried  by 
his  debts  or  by  failure  to  secure  a  fair  living.  No  one  thinks 
of  consulting  such  a  man  on  ordinary  business,  or  trusting  to 
his  judgment  in  the  common  affairs  of  life.  He  is  regarded 
as  a  person  who  has  chosen  a  relatively  nice,  clean  kind  of 
work,  one  where  there  is  little  demand  or  opportunity  for 
initiative,  and  where  he  can  spend  his  life  jogging  along  a 
narrow  path,  without  the  difficulties  or  uncertainties  of  his 
brother  who  is  out  in  competition  in  the  business  world. 

The  fact  that  he  has  acquiesced  in  receiving  pay  less  than  a 
living  wage  does  not  redound  to  his  credit,  nor  bring  to  him 
any  sympathy  from  the  active  man  of  affairs.  While  we  con- 
demn the  profiteer,  we  also  hold  in  hardly  less  esteem  the  man 
who  undervalues  liimself  or  his  goods,  and  is  willing  habit- 
ually to  sell  these  at  "less  than  cost."  We  properly  assume 
that  he  is  selling  bankrupt  stock  or  obtaining  an  equivalent 
reward  in  some  other  way.  No  normally  constituted  citizen 
believes  that  he  is  getting  value  received  from  men  who  are 
habitually  offering  their  wares  below  cost,  nor  does  the  student 
have  an  awakening  from  the  educator  who  sells  his  services 
at  bargain  rates.  Sound  public  policy  requires  that  the  pro- 
ducer and  the  dealer  each  make  a  fair  profit;  and  that  the 
laborer,  whether  a  farm  hand  or  educator,  obtain  a  proper 
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reward,  one  adequate  for  the  full  support  of  his  family  under 
existing  conditions. 

Some  Results. — As  illustrative  of  some  of  the  results  which 
have  come  from  this  underpayment  of  educators  it  may  be 
allowable  to  quote  from  the  college  paper  of  one  of  our  largest 
state  universities,  one  which  formerly  was  reputed  to  pay 
salaries  as  high  as  those  of  any  similar  institution.  In  pre- 
senting the  result  of  a  canvass  of  the  educators  it  states : 

"The  story  of  years  of  privation  is  told  in  the  following 
short  paragraph  from  the  testimony  of  an  instructor,  recently 
promoted  from  the  rank  of  assistant:  'Postponed  marriage 
until  3o  years  of  age.  Worked  two  summers  against  advice 
of  physician ;  use  inferior  grade  of  clothing ;  buy  furniture  at 
second-hand  stores ;  live  on  edge  of  town  to  secure  lower  rent, 
thus  making  it  difficult  for  wife  to  "go  to  things."  ' 

"The  startling  fact  that  one  half  of  the  instructors,  asso- 
ciate and  assistant  professors  cannot  live  within  their  salaries 
and  that  one  third  of  the  professors  cannot,  reveals  the  serious- 
ness of  the  situation.  Restricting  the  compilation  to  married 
instructors,  the  percentage  mounts  to  two  thirds  who  are 
living  beyond  their  means.  Tabulation  of  the  reports  of 
assistant  professors  having  more  than  one  child  showed  that 
three  fourths  had  greater  expenditures  than  incomes. 

' '  The  story  of  how  insufficient  salaries  are  stretched  to  meet 
the  growing  demands  of  high  prices  and  how  the  strictest 
economy  is  practiced  bj'  every  member  of  the  family,  as  it  is 
told  in  the  'remarks'  section  of  the  report  without  the  bitter- 
ness which  such  conditions  would  cause  in  any  other  group 
of  people  is  a  tribute  to  the  'heroism'  of  the  University 
faculty. 

"Privations  mentioned  by  almost  every  faculty  man  who 
filled  out  the  questionnaire  are :  a  cutting  down  of  food,  either 
in  quantity  or  qualitj';  use  of  clothing  after  it  is  shabby,  by 
all  members  of  the  family ;  postponement  of  medical  services, 
often  detrimentally ;  privation  in  books,  magazines,  music  and 
travel,  even  to  the  extent  of  hampering  progress  inteUee- 
tuallv;  cutting  down  on  amusements." 
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Following  are  some  of  the  statements  describing  the  above 
economies : 

"Health  of  wife  broke  down  follo^nng  fin.  Absolutely  un- 
able at  University  salary  to  give  her  the  rest  and  comforts 
needed." 

"Postponing  dental  and  medical  services  because  of  insuffi- 
cient funds." 

"My  chief  concern  is  that  I  cannot  save  for  the  future  or 
have  the  technical  journals  I  should  have  or  attend  scientific 
meetings  on  my  present  salary." 

"It  has  been  impossible  for  me  to  attend  many  imiversity 
or  other  functions  of  an  educational  or  social  nature  because 
of  lack  of  clothing  and  funds." 

"We  have  been  unable  to  purchase  playthings  which  are 
essential  to  the  normal  and  happy  development  of  children. ' ' 

"Entertainment  of  the  commonest  kind  impossible;  cannot 
afford  membership  in  University  club  or  other  social  organi- 
zations." 

Reference  may  also  be  made  to  reports  of  the  U.  S.  Bureau 
of  Education  and  to  official  documents,  also  to  articles  in 
current  magazines  pointing  out  the  unfortunate  conditions  of 
instructors  in  engineering  colleges.  In  The  American  Maga- 
zine for  3Iarch,  1920,  is  an  entertaining  article  entitled 
"Snickers  at  My  Second  Hand  Clothes"  in  which  a  college 
instructor,  near  the  end  of  his  rope,  tells  of  his  troubles  in 
trying  to  live  on  inadequate  pay,  particularly  in  meeting  the 
contemptuous  remarks  of  his  students,  sons  of  former  asso- 
ciates, or  well-to-do  citizens. 

It  is  a  question,  however,  whether  these  men  really  deserve 
sympathy.  "Wliat  they  need  is  a  guardian,  for  most  of  their 
complaints  show  a  lack  of  plain  common  sense.  The  best 
thing  that  could  happen  to  them  would  be  probably  to  be 
thrown  out  of  employment,  to  be  forced  to  take  account  of 
stock  and  to  go  into  commercial  work  where  they  could  earn 
more  and  possibly  acquire  an  ability  to  hold  their  own  in 
the  business  world.     Their  main  trouble  arises  from  timidity, 
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from  lack  of  breadth  of  view  and  of  experience  in  other  than 
extremely  narrow  technical  lines. 

Dr.  Ira  X.  Hollis,  president  of  Worcester  Polj*technic  In- 
stitute, stated  last  year : " '  Administration  may  well  be  directed 
to  one  point  and  that  is  the  payment  of  professors  so  that 
they  may  have  enough  to  live  on  with  leisure  to  think  about 
their  profession.  That  is  a  fundamental  question  before  the 
American  people.  If  it  is  answered  properly,  good  men  will 
turn  naturally  to  the  teaching  profession  instead  of  turning 
first  to  commercial  positions  as  giving  them  a  better  chance  to 
bring  up  their  families.  We  have  too  many  eases  of  poverty 
among  teachers."  (See  his  address  of  June.  1919.  on  "'Engi- 
neering Colleges  and  Administration  "  in  Proczeddcgs,  Vol. 
XXVII.  pa^e  75.) 

Col.  Anson  Marston,  dean  of  the  engineering  college  of  the 
Iowa  State  College,  insists  that  engineering  classes  should  not 
be  turned  over  to  cheap,  inexperienced  instructors,  and  adds 
"only  mature  engineers,  well  qualified  as  engineers  by  outside 
experience  as  well  as  by  college  training  should  be  given 
charge  of  classes.  The  students  are  entitled  to  the  inspiration 
and  to  the  professional  instruction  outside  of  all  textbooks 
which  can  be  obtahied  only  by  direct  personal  contact  with 
high  class  engineer  professors  throughout  the  entire  four 
years  of  their  college  life.  The  cheap  type  of  men  often  em- 
ployed as  instructors  should  be  used  only  as  assistants  in 
preparing  class  material,  in  directing  minor  details  of  lab- 
oratory work  and  in  correcting  student  drawings  and  papers." 
(Proceeddcgs,  Vol.  XXVII.  page  282.) 

U nd(f payment. — It  may  be  a  very  proper  question  to  ask 
as  to  the  attitude  which  should  be  held  toward  those  men  who 
accept  compensation  at  a  rate  less  than  that  which  Ls  con- 
sidered as  a  standard  or  as  proper  to  be  paid  for  the  character 
of  work  performed.  In  answering  this  question  it  is  well  to 
consider  what  is  the  attitude  of  other  professions  toward  un- 
derpayment: such  for  example  as  the  doctors,  lawyers,  and 
architects.  Here  there  was  earliest  developed  what  is  com- 
monlv  known  as  "collective  bargaining.*'  in  that  certain  rates 
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of  pay  have  been  somewhat  rigorously  fixed  and  no  man  can 
remain  in  good  standing  who  accepts  a  fee  or  rate  of  pay 
which  is  below  that  which  is  regarded  as  proper  by  the 
majority  of  the  profession. 

On  the  other  hand,  we  may  refer  to  the  accepted  attitude 
of  organized  labor  which  has  never  failed  to  enforce  with 
equal  rigor,  but  in  a  cruder  form,  its  conception  of  the  man 
who  jeopardizes  the  wellbeing  of  others  by  accepting  a  com- 
pensation below  the  standard  rate.  There  is  little  disagree- 
ment as  to  the  resultant  bad  effect  on  the  profession  or  on  the 
trade,  whichever  it  may  be,  of  the  men  who  accept  and  try  to 
live  on  a  rate  of  pay  below^  the  fair  minimum. 

Generosity  of  the  Putlw. — The  generosity  of  the  public  and 
of  many  of  the  engineering  colleges  in  providing  practically 
free  instruction  has  been  one  of  the  sources  of  self-congratula- 
tion of  our  people.  The  question  has  been  raised  however 
whether  this  generosity  is  not  resulting  in  a  lowering  of  engi- 
neering standards  or  in  lack  of  appreciation  of  a  good  train- 
ing, inasmuch  as  students — like  other  persons — are  apt  to 
value  a  thing  at  what  it  cost.  Free  education  is  no  exception. 
In  this  connection,  the  editor  of  Engineering-News  Record 
(May  13,  1920,  page  939)  states: 

' '  The  significant  fact  is  that  hordes  of  graduates  are  being 
turned  out  to  whom  practically  free  instruction  has  been 
given.  "Who  pays  for  this  generosity?  Is  not  too  great  a 
portion  of  it  taken  from  the  pockets  of  the  instructors  whose 
loyalty  or  a  desire  to  retain  work  for  which  they  are  fitted,  or 
perhaps  for  lack  of  salesmanship  or  business  ability,  stay  on 
year  after  year  at  less  than  a  living  wage  ? ' ' 

To  produce  such  generous  treatment,  the  editor  calls  atten- 
tion to  the  fact  that  in  order  to  avoid  a  deficit  in  college 
finances  all  ranks  of  educators  "have  usually  had  to  resort  to 
most  rigid  economies  and  to  cut  far  below  any  reasonable 
minimum  the  amounts  allowed  for  savings  and  professional 
expenditures.  As  a  natural  result  there  is  little  room  for  that 
buoyancy  and  enthusiasm,  that  combination  of  free  play  and 
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concentration  of  mind  essential  to  gro\\'th  and  success  in  in- 
tellectual life  (page  939)." 

Do  not  however  draw  a  wrong  conclusion  that  to  get  good 
instructors  we  have  merely  to  raise  the  pay.  It  is  not  to  be 
assumed  that  mere  increase  in  wages  will  convert  a  poor 
teacher  into  a  good  one.  but  assuming  that  the  instructor  is  a 
man  of  fair  ability,  it  is  self-evident  that  this  ability  will  be 
increased  and  made  more  effective  by  the  increased  self-esteem 
and  self-confidence  which  comes  from  absence  of  worr^-  about 
financial  conditions.  ^loreover,  the  ability  to  procure  the 
necessary  tools  of  his  profession,  the  larger  appreciation  by 
the  public,  and  by  his  students,  all  add,  within  reasonable . 
limits,  to  his  efficiency  in  geometrical  ratio.  The  debt-ridden 
instructor  may  expand  into  a  true  leader. 

In  public  esteem,  in  any  profession  a  man  is  apt  to  be 
measured  by  the  amount  of  money  which  he  receives.  To  a 
certain  extent  his  opportunities  for  usefulness  depend  upon 
their  amount,  not  only  because  of  the  money  itself,  but  from 
the  fact  that  the  recipient  has  a  higher  standing  and  a  wider 
influence  wherever  it  is  known  that  he  is  receiving  large  com- 
pensation. If  he  is  earning  a  meager  living  wage  and  is 
barely  able  to  pay  his  necessary  debts,  the  public  and  espe- 
cially the  student  body  does  not  accord  to  him  the  same  con- 
fidence nor  listen  to  his  utterances  with  anything  like  that 
respect  which  is  aroused  by  the  fact  that  the  man  who  is 
giving  the  statement  is  known  to  be  well  paid. 

At  the  present  day  there  is  the  greatest  need  for  engineering 
educators  who  can  devote  their  energies  and  spiritual  qualities 
toward  creating  a  higher  conception  of  humanity,  building  up 
the  appreciation  of  the  fact  that  for  the  public  welfare  we 
must  have  greater  efficiency  in  the  individual.  As  never  be- 
fore, it  is  the  teacher's  task  and  opportunity  to  lead  the  young 
engineer  to  see  the  dangers  of  the  present  situation  and  the 
fact  that  all  must  work  more  effectively  if  civilization  is  to  con- 
tinue. The  engineer  is  the  one  man  most  needed  to  help  in- 
crease production,  for  it  is  his  claim  that  it  is  his  business  to 
produce  for  one  dollar  the  results  for  which  another  man  re- 
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quires  two  dollars.  If  he,  because  of  limitations  of  pay,  can- 
not deliver  this  message,  who  can  do  it  ? 

In  the  business  world  it  is  recognized  that  for  success  it  is 
necessary  to  have  contented,  carefree  and  happy  employees. 
How  much  more  necessary  is  it  in  the  expert  quality  of  work 
required  in  the  business  of  instruction.  Good  teaching  perhaps 
more  than  any  other  activity  is  dependent  upon  a  state  of 
buoyant  optimism ;  good  teaching  is  a  matter  primarily  of  the 
spirit.  Men  can  never  do  their  best  work  as  engineering  edu- 
cators when  dispirited,  worried,  or  depressed. 

Demand  for  Graduates. — But  it  may  be  objected,  the  prod- 
uct of  our  colleges,  even  with  underpaid  instructors,  must  be 
good,  for  at  the  present  time  there  is  a  demand  for  graduates 
such  as  has  never  been  equalled  in  the  past.  There  are  literally 
two  or  three  places  offered  from  which  each  graduate  may 
choose.  Prospective  employers  are  sending  their  experienced 
representatives  to  the  colleges  to  try  to  induce  the  graduates 
to  enter  their  employ.  They  are  offering  these  new  and  un- 
tried men  more  than  their  experienced  instructors  are  re- 
ceiving. 

Through  this  anxiety  we  might  infer  that  engineering  edu- 
cation is  in  great  demand,  and  be  misled  by  the  belief  that  it 
is  the  education  rather  than  the  man  which  is  being  sought. 

An  analysis  of  the  demand  indicates,  however,  that  the  em- 
ployers are  not  particularly"  concerned  about  the  education 
received,  or  its  kind.  They  may  be  taking  the  men  in  spite  of, 
not  because  of,  the  education  they  have  been  receiving.  The 
employers  are  looking  first  to  the  qualities  which  have  been  de- 
scribed b}'  Professor  Charles  R.  Mann  as  being  those  not  taught 
in  the  engineering  colleges,  but  are  matters  of  character  which 
have  been  acquired  or  developed  largely  ou.tside  of  the  college. 
It  is  the  man  rather  than  the  engineering  education  which  is 
valued.  As  a  matter  of  fact,  few  of  the  employers  inquire  as 
to  what  particular  course  has  been  pursued,  or  what  studies 
taken,  or  as  to  the  standing  of  the  student  in  the  college  except 
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as  incidental  to  obtaining  a  side  light  upon  the  characters  of 
the  graduates. 

It  is  of  great  importance  to  us  to  clearly  understand  what 
are  the  things  which  the  prospective  employer  looks  for  in  the 
young  man.  First  and  foremost  he  notes  carefully  the  general 
outward  physical  appearance,  vigor,  strength,  and  more  than 
anything  the  general  attitude,  whether  self-possessed  and  gen- 
erally attractive.  He  passes  over  some  of  the  more  scholarly 
instructors  who  are  getting  low  wages,  and  makes  an  attractive 
offer  to  the  graduate  who  so  far  as  book  learning  is  concerned 
is  inferior  in  scholarship.    It  is  the  man  he  is  looking  at. 

Other  Occupations. — Because  of  the  conditions  above  de- 
scribed many  of  the  best  instructors,  the  men  who  have  been 
most  successful  in  conducting  classes,  finding  that  without  out- 
side income  or  work  they  cannot  support  their  families  have 
been  forced  to  leave  the  occupation  to  which  their  life  has  been 
devoted.  They  have  gone  and  are  rapidly  going  into  indus- 
trial and  other  pursuits  simply  because  they  must  earn  enough 
money  upon  which  to  live.  Thus  the  more  energetic  or  vigor- 
ous of  the  younger  men  have  literally  put  on  the  over-alls  of 
the  artisan  or  the  high-grade  mechanic  and  are  able  to  earn 
twice  as  much  money  as  they  did  while  instructing.  This  re- 
sults in  lowering  the  average  value  of  the  remainder  of  the 
group,  it  produces  the  type  regarded  by  students  and  the  pub- 
lic as  being  impracticable  or  inefficient  in  ordinary  affairs. 

Menace  to  Welfare. — The  conditions  above  described  form 
a  menace  to  public  welfare  as  well  as  to  the  engineering  pro- 
fession. For  the  teaching  staff  of  the  engineering  college  to 
consist  in  part  of  underpaid  educators  tends  as  just  stated  to 
lower  the  whole  bod\-  and  strikes  at  the  foundations  of  the 
engineering  profession. 

"A  thousand  experienced  educators  of  young  engineers  have 
gone  on  strike  I  Their  places  have  been  filled  with  less  well 
qualified  men.''  This  is  a  claim — confidently  made — not  based 
on  accurate  data,  but  on  general  information,  for  there  is  re- 
ticence, bordering  on  secrecy,-in  the  matter.    Nor  is  the  strike 
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open,  organized  or  spectacular;  on  the  contrary  it  is  the  indi- 
vidual withdrawal,  discussed  only  in  personal  letters,  and 
forced  by  the  hard  facts  that  the  pay  of  these  educators — 
barely  sufficient  in  the  best  of  times — has  shrunk  to  the  point 
where  one  man  after  another — without  mutual  understanding 
or  concerted  action — has  left  his  chosen  vocation.  In  some 
cases  in  mechanical  engineering  as  just  noted  he  has  taken  off 
the  white  collar  and  pulled  on  the  over-alls — doubling  his  pay 
by  so  doing. 

What  is  the  result?  While  the  individual  does  gain  in  his 
ability  to  provide  for  the  wants  of  his  family,  what  happens  to 
the  educational  institutions?  There  is  only  one  answer:  the 
value  of  the  instruction  is  lowered,  the  output  in  student  effi- 
ciency is  diminished.  The  engineering  profession  first  and 
later  the  public  suffers  a  distinct  loss. 

What  is  to  be  done  ?  If  it  is  a  fact  that  the  public  is  bound 
to  suffer  loss  from  inability  to  get  and  maintain  good  engineer- 
ing instructors  for  the  new  generation  how  shall  we  meet  the 
situation  ?  Shall  we  simply  sit  back  and  discuss  it,  deplore  the 
action  of  the  law  of  suppl}^  and  demand  or  shall  we  plan  wisely 
and  act  energetiealh^  to  put  into  operation  other  forces  which 
will  tend  to  rectify  existing  evils? 

What  Sets  Salaries. — It  is  claimed  that  these  wages  cannot 
be  changed,  that  the  authorities  in  direct  charge  are  limited 
by  laws  or  that  the  amounts  offered  are  set  by  the  ''immu- 
table law  of  supply  and  demand."  It  is  urged  that  no  im- 
provement can  be  made.  But  is  this  any  more  true  than  the 
claims  from  time  immemorial  of  all  employers  ?  For  example, 
the  cotton-mill  owners  in  past  decades  have  asserted  that  they 
were  compelled  to  pay  starvation  wages  to  women  and  chil- 
dren and  to  work  them  fourteen  hours  a  day  in  order  to  keep 
up  the  industry.  History  has  disproved  this  claim,  and  the 
hours  and  conditions  of  labor  as  well  as  of  pay  have  been 
adjusted  by  other  forces  which  have  been  more  potent  than 
the  law  of  supply  and  demand. 

What  does  set  the  wages  of  an  engineering  educator?  On 
12 
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this  point  we  may  well  consider  the  statement  by  Royal 
Meeker,  the  statistician,  in  his  paper  before  the  American 
Economic  Association,  December,  1919,  where  he  states: 

"If  there  is  an  economic  law  working  uninterruptedly  to 
adjo-st  the  economic  reward  of  each  member  of  societj*  in 
accordance  with  his  economic  merit,  or  in  other  words  in 
proportion  to  his  contribution  to  the  economic  production,  it 
remains  hidden  beyond  the  ken  of  statistician  and  admin- 
istrator. ' ' 

"Practically  the  pay  (of  the  engineering  educator)  is  deter- 
mined by  his  bargaining  power" — or  salesmanship.  The  for- 
ever present  question  of  compensation  really  rests  upon  bar- 
gaining power  of  the  group  of  men  here  present,  or  of  this 
organization.  If  engineering  educators  as  a  whole  are  under- 
paid the  fact  is  due  more  to  their  lack  of  sMQ  in  bargaining 
than  to  the  law  of  supply  and  demand. 

Supply  and  Demand. — The  law  of  supply  and  demand  un- 
doubtedly has  about  the  same  relation  to  the  wages  which  are 
paid  as  does  the  law  of  g^a^^ty  in  its  control  of  the  operation 
of  a  railroad.  There  is  no  question  but  that  gravitation  is  at 
all  times  effecting  the  operation  of  trains,  but  this  effect  is 
concealed  largely  by  the  action  of  the  motive  power,  which, 
applied  as  needed,  exceeds  or  overcomes  the  immediate  effect 
of  gravity.  In  the  same  way,  while  the  law  of  supply  and 
demand  is  operating  all  the  time  its  immediate  effect  is  being 
modified  by  other  laws,  notably  the  demands  of  the  people 
concerned  and  the  effect  of  these  on  the  general  public  as  well 
as  by  the  long-established  habits.  A  certain  rate  of  pay, 
having  been  acquiesced  in  during  a  long  period,  now  has  an 
almost  binding  effect. 

If  you  wish  to  offset  this  condition  it  is  obvious  that  you 
must  set  in  motion  other  motive  powers  which  must  be  wisely 
and  continuously  applied.  In  order  to  overcome  inertia  and 
the  present  ill  effects  of  the  law  of  supply  and  demand,  you 
must  aid  in  developing  by  well-considered  action,  largely  by 
education  of  the  public,  such  modifications  of  the  supply  of 
engineering  instructors  and  of   demand   for  the  kind   and 
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quality  of  service  as  shall  provide  for  present  needs.  The 
bargaining  power  of  the  individual  educator  must  be  in- 
creased. To  do  this  his  self-respect  and  his  regard  for  the 
profession  must  be  raised.  You  must  enable  him  to  acquire 
the  proper  confidence  in  himself  and  in  his  fellows  such  as 
v.ill  result  in  his  dropping  the  apologetic  air  of  the  under- 
valued man. 

Living  ^yage.■ — But  what  are  the  needs  of  the  educator? 
They  may  be  summed  up  in  the  expression  "a  living  wage." 
Every  man  should  receive  sufficient  compensation  to  permit 
him  not  merely  to  exist,  but  more  than  to  perform  effectively 
certain  activities.  This  is  particularly  true  in  matters  of 
engineering  education. 

The  Bureau  of  Labor  Statistics  at  AYashington  has  advised 
the  Congressional  Committee  on  salaries  that  in  the  city  of 
Washington  the  lowest  possible  amount  upon  which  a  man 
and  a  ^\~ife  with  a  normal  family  of  three  children  can  get 
along  is  about  $2,250  {School  Life,  December  1,  1919,  page  8). 

In  comparison  with  this  the  average  salaries  of  6,600  college 
educators,  including  engineering  instructors,  is  about  $2,000. 
This  average  includes  a  considerable  number  of  relatively 
high-paid  men. 

When  this  amount  is  compared  with  the  reduced  purchas- 
ing power  of  the  dollar,  which  is  shrunk  on  the  basis  of  191 3 
prices  to  less  than  50  cents,  it  results  that  the  man  who  re- 
ceived a  wage  of  say  $2,000  in  1913  and  whose  salary  has  not 
been  increased  is  now  trying  to  live  on  the  equivalent  of 
$1,000. 

The  budgets  of  faculty  families  made  in  1918  showed  that : 
the  excess  of  out^o  over  income,  or  the  average  deficit  per 
individual  in  the  family,  was  about  $200 — that  is  with  a 
family  of  parents  and  three  children,  or  5  in  all,  there  had 
to  be  outside  earnings  or  income  of  about  $1,000.  To  put  it 
in  another  way  the  professor  or  assistant  is  paying  about 
$1,000  for  the  privilege  of  trjung  to  make  a  living  at  teaching, 
assuming  that  he  could  earn  a  living  wage  at  some  other 
occupation. 
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AMiile  many  engineering  educators  possessed  of  the  mission- 
ary spirit  will  continue  to  teach  even  under  these  adverse 
conditions  yet  as  before  stated  the  more  able  men,  tempted 
by  correspondingly  great  increases  in  commercial  activities, 
have  left  the  field,  greatly  lowering  the  average  value  of  the 
ser\-iees  performed.  Even  though  instructors  do  stay,  there 
is  such  restlessness  and  frequent  shifting  about  as  to  impair 
the  organization. 

What  is  the  amount  of  money  which  must  be  paid  to  engi- 
neering instructors  to  keep  the  eflRcient  men  "on  the  job." 
It  is  obvious  that  whatever  may  be  their  devotion  to  their 
work  they  m.ust  receive  enough  compensation  to  enable  them 
to  purchase  the  necessities  of  life  and  to  have  a  few  comforts. 

It  is  not  usually  expected  under  present  conditions  that 
they  will  have  a  salaiy  comparable  to  the  rates  paid  in  some 
of  the  more  highly  commercialized  occupations.  At  the  same 
time  the  difference  must  not  be  so  great  as  to  keep  out  of  the 
teaching  profession  the  type  of  men  who  are  most  effective 
in  producing  results. 

Base  Salaries. — In  considering  adequate  pay  it  is  necessary 
to  have  some  base  level  or  par  value  from  which  there  may  be 
a  departure,  either  above  or  below  par,  to  meet  the  varying 
conditions.  This  base  level,  like  ocean  level,  is  needed  as  a 
plane  of  departure  from  which  we  may  measure  the  heights 
of  success  or  the  depths  out  of  which  the  beginner  must  climb. 
It  should  be  equivalent  to  the  living  wage,  that  is  to  the 
amount  upon  which  a  man  who  devotes  his  entire  time  to  the 
profession  can  find  support  for  himself  and  his  family. 

This  base  level  of  salary  or  par  value  for  the  ordinary  or 
most  numerous  group  of  unskilled  or  as  yet  not  fully  experi- 
enced engineering  educators  should  be  in  accord  with  the 
social  conditions  or  surroundings  under  which  a  college  man 
can  live  and  maintain  his  self-respect.  It  must  be  adequate 
to  furnish  a  living  for  the  ordinary  American  family  and 
under  usual  conditions  of  life  suitable  to  the  welfare,  mental 
and  physical,  of  the  employee. 

Whatever  the  value  of  the  work  may  be.  it  is  obvious  that,  for 
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public  policy,  the  man  vrho  devotes  his  life  to  the  work  must 
be  compensated  to  a  degree  sufficient  to  hold  him,  and  to  en- 
able him  to  support  a  family  in  proper  comfort.  If  the  work 
is  not  worth  the  salaiy  or  wages  adequate  to  furnish  a  good 
living  then  it  should  be  discontinued. 

In  the  case  of  the  engineering  profession  the  minimum  or 
base  salary  which  is  barely  sufficient  for  the  support  of  a 
small  or  young  family  may  be  placed  at  $2,000.  No  young 
engineer  should  attempt  to  devote  his  entire  time  to  his  work 
for  less  than  this  amount.  This  may  be  considered  as  the 
base  wage  since  for  full-time  employment  the  salary  must 
provide : 

First,  a  living  for  the  worker  and  his  family. 

Second,  if  the  occupation  is  to  be  solvent  or  a  going  busi- 
ness, it  must  make  provision  for  old  age. 

Third,  there  must  be  suitable  relations  to  the  cost  and  diffi- 
culty of  the  preparation  involved. 

'  Fourth,  some  consideration  must  be  had  of  the  value  of  the 
services  rendered  to  society.  (Hollis  says:  The  value  of  a 
teacher's  work  is  very  rarely  measured  by  his  pay.^ 

Fifth,  there  must  be  p^o^'ision  for  continually  attracting 
and  holding  men  in  the  well-developed  organizations,  stimu- 
lating them  in  their  highest  efficiency,  with  a  view  to  increase 
of  quantity  and  quality  of  production. 

Below  Base  Level. — Keduction  of  the  money  wage  below  the 
base  salary  may  be  considered  whenever  in  addition  to  money- 
wages  other  valuable  consideration  is  received.  For  example, 
the  VNork  of  an  assistant  instructor  may  be  performed  by  a 
recent  graduate  from  college  who  desires  to  perfect  his  edu- 
cation or  to  gain  experience  along  certain  specified  lines  or  to 
conduct  research  which  may  be  of  real  value  to  him.  Under 
such  conditions  it  is  allowable  to  set  a  money  value  say  of 
$25  or  $50  per  month  upon  this  experience  or  education  as  a 
deduction  from  the  base  level,  but  care  should  be  taken  to 
see  to  it  that  this  real  value  is  truly  received  and  one  which 
will  definitely  add  to  his  earning  capacity.  Experience  that 
does  not   thus  definitely  add  to  his  ability  to  support   his 
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family  and  which  merely  adds  to  his  theoretical,  non-financial 
value  should  not  be  considered  as  an  offset  to  a  full  salary. 

Great  care  should  be  taken  to  pro\'ide  safeguards  that  this 
reduction  below  the  base  wage  is  fully  compensated  by  a  real 
tangible  value,  and  not  be  simply  a  matter  of  gratification  to 
a  person  who  has  other  sources  of  income. 

The  acceptance  of  less  than  a  living  wage  by  persons  who 
are  able  to  subsist  from  other  income  should  be  frowned  upon 
as  being  adverse  to  public  welfare,  and  as  tending  to  lower 
the  necessary  living  wage  of  the  kind  of  men  who  are  needed 
in  the  teaching  profession,  and  who  will  suffer  directly  or 
indirectly  through  such  competition  and  consequent  lowering 
of  a  fair  wage  scale.  The  argument  is  occasionally  made  that 
young  unmarried  men  should  be  offered  a  less  salary  for  the 
same  work  than  a  married  man.  Sound  public  policy,  how- 
ever, is  against  such  an  attitude. 

There  is  danger  of  giving  too  much  weight  to  the  fact  that 
the  engineering  instructor  does  receive  compensations  otha: 
than  money.  The  fact  that  the  instructor  receives  steady  pay 
and  that  he  has  no  worries  as  to  the  collection  of  his  salary  or 
wages  may  properly  be  considered.  His  position  is  sheltered, 
he  is  not  subject  to  continual  attack,  as  is  the  case  in  many 
other  conditions  of  labor,  nor  does  he  lose  a  large  amount  of 
time  on  account  of  weather  or  climatic  conditions.  But  the 
extent  to  which  this  may  be  used  as  a  deduction  or  offset  from 
what  would  otherwise  be  considered  a  fair  compensation  is  a 
matter  to  which  careful  thought  must  be  given.  The  tendency 
has  been  to  exaggerate  the  importance  or  value  to  the  young 
instructor  of  this  routine  work  or  sheltered  life,  and  to  reduce 
his  pay  unduly. 

Increase  Above  Base  Salaries. — The  increase  above  the  base 
salary  should  be  by  stages  or  steps  relatively  snail,  but  taken 
at  short  intervals  of  one  or  two  years.  The  advance  should  be 
at  the  rate  of  $150  to  $200  per  year  for  effective  service  and 
should  be  continued  to  the  time  of  assistant  professorship. 
Above  this  point,  the  spread  should  be  greater  and  the  steps 
longer  so  as  to  clearlv  mark  out  the  man  of  distinct  ability. 
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There  should  be  a  few  large  prizes  in  relatively  high-paid 
professorships,  stimulating  the  younger  men  in  the  hopes  that 
they  may  receive  the  highest  reward  attainable  by  professional 
men.  Advancement  to  these  should  not  be  made  on  the  basis 
of  seniority. 

Outside  Earnings. — During  the  past  few  years  it  has  been 
necessary  for  the  engineering  educator  who  has  acquired  the 
responsibility  of  a  family,  to  seek  some  means  of  adding  to 
his  regular  income  by  activities  outside  of  his  teaching  pro- 
fession. In  many  instances  the  wife  of  the  professor  tries  to 
assume  a  part  of  the  financial  burden  by  doing  work  beyond 
the  confines  of  the  home. 

Most  of  this  outside  work  is  undertaken  during  the  summer 
vacation.  In  many  instances  such  employment  is  desirable, 
particularly  if  the  work  is  along  professional  lines.  It  is 
however  quite  dilScult  to  secure  work  of  this  kind  which  gives 
valuable  experience  and  which  at  the  same  time  is  sufiiciently 
remunerative  to  make  up  for  the  losses  or  deficit  in  earning 
as  compared  to  expenditures  during  the  teaching  period. 

Some  of  the  engineering  colleges  require  that  an  engineer- 
ing instructor  spend  more  or  less  of  his  time  on  professional 
work  outside  of  the  classroom.  Others  take  the  opposite 
course  and  forbid  outside  work  being  done  for  pay.  All  adopt 
the  principle  that  any  occupation  of  this  kind  which  is  under- 
taken must  not  interfere  with  the  regular  work  of  the  college. 

There  is  no  question  but  that  it  is  necessary  for  an  in- 
structor of  engineering  to  keep  abreast  of  the  times  and  to  be 
in  touch  with  practical  men  and  afi'airs.  If  this  is  done,  how- 
ever, not  so  much  for  the  purpose  of  increasing  his  teaching 
ability,  as  it  is  to  obtain  bread  and  butter  for  the  family,  the 
result  can  hardly  be  expected  to  be  wholly  satsfactory. 

Some  of  the  evils  flowing  from  the  outside  work  have  been 
noted-  by  Dr.  Ira  X.  HoUis  who  states  regarding  textbooks : 

"Our  books  are  usually  slip-shod,  prepared  at  odd  hours, 
between  the  preparation  of  lectures  and  the  practice  of  con- 
sulting engineering,  simply  because  our  teachers  have  been 
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encouraged  to  supplement  their  insufficient  salaries  by  outside 
work.''     (Proceedings,  Vol.  XX^^I,  page  80. 

A.  A.  E.  Committee. — The  needs  of  engineering  educators 
have  been  given  consideration  by  the  American  Association  of 
Engineers.  This  organization  has  already  developed  certain 
standards  of  pay  for  engineers  in  the  employ  of  railroads,  mu- 
nicipalities and  other  public  bodies.  It  has  designated  a  com- 
mittee, of  which  Prof.  C.  J.  Tilden,  of  Yale,  is  chairman,  with 
sixteen  members  selected  from  various  parts  of  the  country  and 
representing  men  in  private  practice  as  well  as  college  pro- 
fessors.   These  are  as  follows : 

Prof.  Frederic  Bass,  Minneapolis.  ^Minn. 
Dean  F.  L.  Bishop.  Pittsburgh,  Pa. 
Mr.  Baxter  L.  Brown,  St.  Louis.  Mo. 
Dr.  S.  P.  Capen,  Washington.  D.  C. 
Prof.  P.  H.  Daggett,  Chapel  Hill.  X.  C. 
Mr.  Harrison  P.  Eddy,  Boston.  Mass. 
Prof.  C.  G.  Hyde,  Berkeley,  Calif. 
Mr.  C.  H.  HubbeU,  Detroit,  Mich. 
Mr.  A.  X.  Johnson,  Chicago.  111. 
Dean  Anson  Marston,  Ames,  Iowa. 
^Ir.  George  C.  Mason,  Portland,  Ore. 
Mr.  K.  E.  McDonnell.  Kansas  City,  Mo. 
Mr.  A.  H.  McKeen,  Omaha,  Xebr. 
Mr.  H.  Z.  Osborne.  Jr..  Portland,  Ore. 
Prof.  Geo.  F.  Swain,  Cambridge,  Mass. 
Mr.  D.  L.  Turner,  Xew  York  City. 

This  committee  made  a  preliminary  report  to  the  annual 
convention  of  the  A.  A.  E.  at  St.  Louis  on  ]\Iay  11,  and  has 
submitted  this  to  subcommittees  formed  in  each  of  the  engi- 
neering colleges  of  the  country.  There  has  been  great  interest 
shown  throughout  these  colleges  and  over  80  have  appointed 
such  sub-committees. 

The  recommendation  of  Professor  Tilden 's  committee  is  sub- 
stantially that  the  full  time  assistant-instructor,  whose  wages 


PAY    OF    ENGIXEEEING    EDXTCATOES.  169 

maj'  be  considered  as  forming  practically  the  base  level,  should 
be  from  $1,800  to  $2,400  dependent  upon  the  varying  factors 
as  to  size  and  importance  of  the  institution,  its  location  in 
city  or  county,  and  the  scope  and  quality  of  service  expected. 

The  next  grade,  that  of  instructor,  teaching  sections  under 
general  supervision  of  the  professor  in  charge,  is  from  $3,000 
to  $4,000. 

The  third  grade,  that  of  assistant  professor,  of  which  there 
may  be  several  divisions,  and  who  has  charge  of  a  laboratory 
or  of  individual  courses  of  study,  should  be  from  $3,600  up. 

The  associate  professor  or  junior  professor,  a  younger  man 
in  line  for  a  professorship,  and  in  general  capable  of  doing 
the  professor's  work,  should  have  at  least  $4,000. 

The  full  professor,  a  mature  man  with  experience  both  as  a 
teacher  and  in  the  practice  of  his  profession,  and  in  charge  of 
courses  of  study,  should  have  at  least  $5,000. 

The  professor  in  charge  of  a  department,  reporting  to  the 
dean  or  president,  and  responsible  for  the  conduct  of  his  de- 
partment, should  have  a  minimum  of  $6,000. 

Col.  Anson  Marston,  dean  of  the  engineering  college  at  Iowa 
State  College,  writes :  ' '  All  prices  are  now  on  an  extremely 
high  level,  and  many  thinkers  believe  that  the  world's  prices 
will  be  much  higher  permanently  in  the  future  than  in  the 
past.  A  great  shortage  of  engineers  is  now  adding  strength 
to  meritorious  organized  efforts  of  engineers  to  put  engineering 
remuneration  on  a  fairer  basis  in  comparison  with  bricklayers, 
carpenters  and  locomotive  engineers.  The  engineering  schools 
must  compete  in  open  market  with  employers  of  practicing 
engineers.  The  writer  believes  that  salaries  of  engineering 
professors  ought  to  be  50  per  cent,  to  100  per  cent,  higher 
than  the  average  in  1916,  provided  that  engineering  professors 
are  held  to  merit  and  to  time  requirements  in  their  daily  work 
as  strictly  as  if  working  for  outside  employers.  (See  his 
article  on  "The  Effect  of  the  War  upon  Engineering  Educa- 
tion in  the  United  States,"  Proceedings,  Vol.  XXVII,  page 
281.) 
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Stajidard  Salary. — A  salary  scale  of  this  kind  should  be 
carefully  considered,  and  formally  adopted  by  this  and  other 
bodies  of  representative  engineering  educators  and  by  societies 
of  practicing  engineers.  Such  a  standard  wage  for  engineering 
educators,  including  instructors,  assistant  professors,  and  full 
professors,  who  are  teaching  various  branches  of  engineering, 
is  urgently  needed.  It  is  necessary  in  order  that  the  public  in 
general,  and  particularly  the  governing  boards  of  engineering 
colleges,  may  have  something  by  which  to  measure  the  kind  of 
men  they  are  getting  and  keeping. 

"Without  some  such  basis  or  common  ground  to  start  from, 
all  discussions  of  relative  rates  of  pay  become  vague.  It  is  im- 
possible to  measure  present  deficiencies  or  future  needs.  By 
having  such  a  standard,  to  which  to  appeal  it  may  be  possible 
to  bring  about  a  change  in  the  attitude  or  customs  which  have 
the  binding  effect  of  law  and  which  control  the  rates  of  pay. 
When  such  standard  has  been  adopted,  and  when  the  sunlight 
of  publicity  has  been  turned  upon  the  dark  corners,  it  wiU  then 
be  possible  to  create  or  modify  public  opinion  in  such  way  that 
the  old  or  obstructive  attitudes  may  be  altered,  and  wages  may 
be  adjusted  to  the  present  living  requirements.  It  is  obviously 
impossible  to  obtain  the  support  of  public  opinion  until  there 
is  a  general  agreement  among  well-informed  men  as  to  what 
are  the  present  conditions,  and  what  they  should  be.  It  is  in- 
advisable to  attempt  to  make  any  general  change  until  the  full 
facts  are  available  and  clear-cut  statements  can  be  made  as  to 
the  rates  of  pay  which  will  produce  the  best  results. 

By  having  a  fair  or  necessary  salary  scale  agreed  upon  the 
next  thing  to  do  is  to  ascertain  to  what  extent  each  engineer- 
ing position  is  above  or  below  par,  as  related  to  this  standard 
scale.  Comparisons  of  colleges  are  now  being  made  on  the 
basis  of  the  number  of  hours  taught  by  each  instructor.  In  the 
same  way  comparisons  should  be  made  as  to  the  compensation 
received  by  each  instructor,  not  that  the  value  of  the  man  can 
be  directly  determined  in  this  way,  but  the  comparison  of  the 
pay  received  has  a  value,  similar  to  that  brought  out  by  a 
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comparison  of  the  number  of  hours  taught  and  the  number  of 
different  subjects  given  by  any  one  instructor.  If  the  in- 
structor is  receiving  less  money  than  is  usually  paid  for  work 
of  this  kind  and  at  the  same  time  is  carrying  an  overload  there 
is  a  reasonable  presumption  that  the  instruction  given  cannot 
be  fully  effective. 

Whenever  it  is  found  that  any  particular  salary  is  far  be- 
low the  base  level  or  standard,  inquiries  should  be  made  as  to 
the  conditions,  and  an  explanation  sought  as  to  the  causes  on 
the  assumption  that  it  is  a  matter  of  common  concern  that 
engineering  educators  be  properly  paid,  this  being  one  of  the 
fundamentals  of  efficiency  in  education. 

Summary. — 1.  Engineering  instructors,  to  be  successful, 
must  have  a  large  measure  of  the  spirit  of  self-gacrifice,  and 
of  unselfish  devotion  for  the  good  of  their  students.  In  this 
respect  they  do  not  differ  from  all  high-minded  men  in  every 
profession.  Personal  comfort  aud  gain  must  always  be  kept 
subordinate  to  the  large  duty  in  hand. 

2.  Because  of  these  ideals,  however,  the  engineering  edu- 
cator should  not  pennit  himself  to  become  the  victim  of  his 
own  devotion,  nor.  through  lack  of  common  sense  or  wisdom, 
encourage  or  permit  the  public  or  his  employer  to  take  ad- 
vantage of  his  interest  in  the  work. 

3.  "SVe  can  well  praise  the  physician  who  puts  aside  his  own 
personal  comfort  or  gain  and  freely  gives  his  services  without 
hope  of  reward  to  benefit  a  person  financially  unable  to  pay 
for  the  services  rendered;  but  if  he  should  do  this  habitually 
for  the  well-to-do  public,  and  deliberately  deprive  his  family 
of  necessities,  our  admiration  changes  to  doubt. 

■4.  The  engineering  educator  in  America  is  employed,  as  a 
rule,  by  organizations  which  represent  the  richest  states  or 
people  of  the  world.  They  are  of  course,  habitually  short  of 
funds,  for  in  any  healthy  organization  the  needs  and  oppor- 
tunities surpass  any  possible  income.  Nevertheless,  there  is 
no  valid  reason  why  the  work  which  is  undertaken  by  these 
institutions  should  not  be  well  done  aud  well  paid  for. 
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5.  The  public  demands  that  the  output  of  the  engineering 
colleges  shall  be  of  the  highest  possible  quality.  A  cheap 
product  is  not  wanted,  nor  do  people  have  confidence  in  the 
quality  of  the  product  turned  out  by  cheap  men.  As  between 
two  engineering  instructors  of  presumably  equal  ability  and 
devotion,  far  more  weight  will  be  placed  upon  the  results  at- 
tained by  the  $4,000  man  than  by  the  $2,000  man. 

6.  However  we  may  deprecate  the  matter,  the  fact  is  that 
personal  services  are  valued  largely  in  proportion  to  the 
amount  paid  for  them.  There  is  little  or  no  respect  held  by 
students  or  business  men  for  instructors  who  are  willing  to 
accept  less  than  a  living  wage. 

7.  There  is  no  reason  why  engineering  instructors  should 
not  be  able  .to  live  under  the  same  economic  laws  as  other  citi- 
zens, expecting  and  receiving  a  salary  commensurate  with  the 
needs  of  their  families,  and  comparable  with  the  value  of  the 
services  performed. 

8.  It  does  not  redound  to  the  credit  of  the  engineering  in- 
structors and  to  their  organizations  that  they  have  failed  to 
recognize  and  meet  this  condition  of  underpayment,  especially 
of  the  lower  grades.  They  cannot  teach  efficiency  in  engineer- 
ing practice,  nor  inspire  confidence  in  their  teaching  when 
they  themselves  are  daily  conscious  of  their  own  economic  fail- 
ings. They  know  that  the  students  have  little  regard  for  the 
shabby,  debtridden  man  no  matter  what  his  theoretical  at- 
tainments maj'  be. 

9.  The  world  respects  success;  it  listens  with  indifference 
to  excuses  for  failure.  It  measures  success,  unfortunately^  per- 
haps, largely  in  terms  of  dollars,  or  at  least  in  ability  not  only 
to  do  something  useful,  but  at  the  same  time  to  support  a 
family  in  reasonable  comfort  and  free  from  debts.  The  man 
who  in  his  devotions  or  absorptions  in  his  daily  work  fails  to 
provide  for  his  family  defeats  the  very  object  for  which  he  is 
working,  sacrifices  the  confidence  of  others,  and  thus  loses  his 
opportunity  for  wider  usefulness. 

10.  Education  is  no  longer  an  experiment,  its  value  is  es- 
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tablished.  A  safe  investment  which  nets  big  returns  should  be 
oversubscribed.  Past  policy  of  overmodesty  should  give  way 
to  a  campaign  for  financial  support  for  education  commensu- 
rate with  its  value. 

11.  As  a  fundamental  proposition,  it  should  be  universally 
accepted  that  every  engineering  educator  is  entitled  to  a  liv- 
ing wage  from  the  instruction  which  he  gives. 

12.  He  should  not  be  compelled  to  seek  outside  employment, 
"or  income  from  investments,  or  to  depend  upon  the  efforts  of 

members  of  his  family,  to  enable  him  to  secure  a  living. 

13.  At  the  same  time,  it  should  be  recognized  that  a  small 
amount  of  outside  work  in  the  line  of  his  profession  is  desir- 
able, not  as  a  necessity  to  supplement  his  living  wage,  but  as 
a  means  of  improving,  or  maintaining,  his  knowledge  of  the 
subject  which  he  is  teaching. 

14.  When  it  becomes  necessary  to  seek  outside  emplojanent 
for  the  sake  of  the  remuneration,  then  the  choice  of  occupa- 
tion is  usually  limited,  and  the  educator  may  be  deprived  of 
the  experience  which  is  needed  in  his  educational  work. 

15.  Salaries  should  be  expressed  in  terms  of  purchasing 
power.  Provision  should  be  made  whereby  any  reduction  in 
the  purchasing  power  of  the  dollar  is  met  by  an  immediate 
and  adequate  increase  in  salaries  as  expressed  in  dollars. 

16.  A  living  wage  for  an  engineering  educator  should  be 
adequate  not  merely  to  furnish  the  absolute  necessities  of  life, 
food,  clothing,  and  shelter,  but  also  to  cover  proper  contribu- 
tions to  charities  and  to  altruistic  efforts,  to  provide  some 
simple  pleasures  and  to  enable  the  educator  to  set  aside  a  small 
sum,  at  least  twenty  per  cent.,  for  the  contingencies  of  sickness 
or  old  age.  Any  amount  less  than  this  can  not  be  considered 
as  a  fair  recompense  for  the  time  given  to  the  work. 

17.  It  is  opposed  to  sound  public  policy  for  an  engineering 
educator  to  seek  or  accept  a  salary  less  than  a  living  wage 
or  below  that  paid  for  similar  work.  Even  though  a  man 
may  have  another  source  of  income  or,  being  unmarried,  may 
be  able  to  exist  on  a  smaller  income,  yet  the  acceptance  of  a 
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less  wage,  for  any  such  reason,  tends  to  lower  the  proper  com- 
pensation to  other  educators. 

18.  It  is  a  menace  to  public  welfare,  and  to  the  engineering 
profession  for  the  teaching  staff  of  the  engineering  colleges  to 
consist  of  underpaid,  incompetent  educators. 

Conclusions. — If  we  agree  with  Professor  Ketchum's  state- 
ment with  which  we  began,  and  with  the  general  facts  just 
given,  it  goes  without  saying  that  we  individually  and  collec- 
tively should  take  action.  The  promotion  of  engineering  edu- 
cation becomes  impossible  unless  these  fundamentals  are  given 
proper  attention.  Individually,  we  can  support  the  efforts  of 
the  American  Association  of  Engineers.  Collectively  we  can 
endorse  the  standards  proposed,  by  Professor  Tilden's  com- 
mittee and  give  it  the  widest  possible  publicity.  We  can 
draw  comparisons  between  this  and  the  actual  conditions 
which  exist  in  various  colleges,  encouraging  the  efforts  of  those 
institutions  which  are  trying  to  establish  and  maintain  proper 
rates  of  compensation.  Unless  we  do  take  some  definite  steps 
and  "speak  for  ourselves"  we  can  not  expect  the  support  or 
sympathy  of  the  public.  By  viewing  the  matter  squarely,  by 
taking  action  definitely  we  will  raise  the  standard  of  engineer- 
ing education  and  carrj-  out  in  the  most  definite  manner  the 
objects  for  which  this  organization  has  been  formed. 

Discussion. 

C.  J.  Tilden:  Mr.  President  and  gentlemen:  The  Commit- 
tee of  the  American  Association  of  Engineers  to  which  Dr. 
Newell  referred,  is  in  the  midst  of  its  labors.  Perhaps  I  can 
say  a  word  about  the  basis  on  which  it  was  chosen,  and  the 
methods  that  we  are  following  out.  The  Committee  com- 
prises seventeen  members  who  are  chosen  partly  from  geo- 
graphical considerations,  and  partly  to  get  a  fairly  even 
balance  between  practicing  engineers  and  engineers  who  are 
engaged  in  teaching  service.  There  are  representatives  from 
the  south,  the  east,  the  middle  west,  and  the  Pacific  coast. 
"With  one  or  two  exceptions,  they  have  taken  hold  splendidly 
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in  attacking  the  questions  on  which  vre  have  to  report.  As 
an  auxiliary  body,  the  deans  of  something  over  a  hundred 
large  institutions  were  asked  to  serve  as  corresponding  mem- 
bers, and  we  have  received  some  very  interesting  letters 
from  those  gentlemen.  A  substantial  majority  approved  in 
general  this  tentative  schedule  which  appears  on  page  18  of 
Dr.  Newell 's  paper,  but  with  such  comments  as  indicate  that 
it  has  been  carefully  considered  in  every  case.  There  are  a 
number  who  have  opposed  it.  Some  say  that  it  is  consider- 
ably higher  than  it  is  possible  for  many  institutions  to  pay. 
and  that  it  would  lose  force  if  put  forward  as  a  committee 
report,  simply  because  of  the  impossibility  on  the  part  of 
such  a  large  number  of  institutions  of  meeting  the  scale. 

Some  suggest  it  be  scaled  down  ten  per  cent.,  some  twenty- 
five  per  cent.,  some  forty  per  cent.  Some  make  slight  modi- 
fications. One  or  two  men  have  suggested  that  the  maximum 
salaries  were  not  high  enough.  In  no  case,  however. — and 
this  is  a  rather  important  point, — out  of  some  fifty  odd  re- 
plies that  have  come  back  so  far,  in  no  case  has  any  university 
executive  suggested  that  this  scale  was  not  a  fair  pricing  of 
the  services.  The  criticism  is  always  based  on  the  inability 
of  the  institution  to  pay,  and  that,  of  course,  goes  right  back 
to  custom.  A  college  has,  as  a  rule,  a  certain  definite  amount 
of  money,  a  fixed  income.  For  that  income  it  has  been  ac- 
customed to  do  a  certain  amount  of  work,  to  have  on  its 
payroll  a  certain  number  of  teachers.  Now.  the  suggestion  is 
made  that  a  great  many  institutions  cannot  meet  any  such 
scale  as  is  here  suggested,  the  salaries  are  too  high.  and. 
therefore,  if  you  put  out  such  a  report  it  will  not  be  gen- 
erally accepted.  That  is  from  a  small  majority  of  the  deans, 
because,  as  I  say,  most  of  them  approve  it.  I  want  simply  to 
call  your  attention  to  the  fact  that  not  one  of  them  has  sug- 
gested anywhere  that  this  pricing  of  service  is  too  high,  that 
the  service  rendered  is  not  worth  the  figures  stated  here. 

This  first  scale  was  made  by  a  member  of  the  committee. 
Mr.  A.  N.  Johnson,  and  myself,  and  it  was  based  approxi- 
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mately  on  the  principle  of  adjustingr  salaries  today  to  the 
present  purchasing  power  of  the  dollar,  taking  the  salaries 
in  1912.  1913  and  1914,  and  considering  what  they  would 
purchase,  and  then  adjusting  them  so  that  they  would  pur- 
chase about  the  same  amount  under  present  economic  condi- 
tions. There  was  no  attempt  made  to  boost  them,  but  simply 
to  meet,  if  possible,  those  conditions. 

The  Vice-President:  Gentlemen,  the  subject  is  of  sufficient 
importance  to  have  a  few  minutes  of  general  discussion.  Is 
there  any  one  here  who  cares  to  add  to  the  subject  of  Dr. 
Xewell  ? 

Frederic  Bass:  I  would  like  to  suggest  that  this  topic  im- 
plies another  form  of  cooperation  with  the  national  engineer- 
ing societies.  I  presume  that  all  the  members  here  present 
are  fully  acquainted  with  some  of  the  important  recent  de- 
velopments and  expansions  of  the  national  societies  in  their 
field  of  work.  Before  the  founding  of  the  American  Associa- 
tion of  Engineers  in  1915.  the  societies  busied  them.selves  al- 
most entirely  with  technical  questions,  and  they  are  in  this 
way  acting  still  as  educational  institutions.  The  S.  P.  E.  E. 
has  a  common  field  of  effort  with  them  for  that  reason.  Some 
five  or  six  years  ago,  this  association  of  which  Professor 
Xewell  speaks,  the  American  Association  of  Engineers,  was 
formed  in  Chicago,  by  a  body  of  very  young  men  who  felt 
the  pressure  of  economic  conditions.  They  felt  that  the  en- 
gineer in  practice  was  not  succeeding  as  he  should.  The 
organization  started  with  men  who  realized  that  in  the  en- 
gineering profession  there  were  a  number  of  problems;  not 
only  this  one  of  compensation,  but  many  other  business,  eco- 
nomic and  social  questions  which  should  be  taken  up  and 
discussed  from  the  engineer's  point  of  view;  they  proposed 
to  form  a  society  which  would  work  along  those  lines,  and 
they  went  to  it  and  have  continued  that  course  of  action,  and 
today  the  Association  has  twenty  thousand  members  all  over 
the  United  States,  the  largest  engineering  organization  in  this 
country  and  in  the  world,  although  it  is  a  ver^*  young  one. 
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It  shows  the  force  of  the  ideas  which  brought  them  into  ex- 
istence. 

Xow.  in  the  last  few  rears,  the  national  technical  organi- 
zations, the  great  engineering  societies  of  the  country,  have 
also  undertaken  to  do  a  good  deal  of  this  same  sort  of  work, 
and  you  are  familiar  with  the  recent  conference  in  Washing- 
.ton.  the  attempt  to  bring  together  all  the  engineers  in  the 
United  States  into  one  organization.  It  is  one  of  the  most 
significant  eyents.  I  think,  in  the  history  of  engineering  in 
the  United  States.  It  is  something  which  promises  greater 
things.  At  that  conference,  one  of  the  two  great  problems 
that  were  presented,  and  emphasized,  to  be  dealt  with  by 
the  engineering  profession,  was  that  of  engineering  educa- 
tion. It  is  obvious  why  this  was  done.  The  engineers  of  the 
country  are  beginning  to  see  that  they  are  interested  not  only 
in  their  immediate  future:  there  is  an  idea  of  permanency 
that  has  crept  into  their  thought :  the  idea  that  the  engineer- 
ing profession  is  something  that  is  destined  to  play  a  greater 
part  in  the  coming  century  than  it  has  in  the  past,  and  that 
if  the  engineering  profession  is  going  to  be  what  it  should 
be,  then  the  engineers  of  the  future  will  have  to  be  properly 
educated,  and  if  they  are  going  to  be  properly  educated,  they 
must  have  the  right  kind  of  teachers,  and  if  they  are  going  to 
have  the  right  kind  of  teachers,  these  teachers  must  have 
adequate  compensation. 

At  this  conference,  the  American  Association  of  Engineers, 
which  Professor  Xewell  represents,  pledged  its  support,  to 
any  proposition  and  to  any  efforts  which  this  Federation  of 
National  Engineering  Organizations  might  chose  to  inaugur- 
ate, so  that  we  have  the  situation  that  the  organized  engineers 
in  the  United  States  are  interested  in  several  major  problems. 
one  of  which  is  education,  and  I  wish  to  again  say  that  this 
paper  presents  another  very  practical  phase  of  cooperation 
which  this  society  might  well  take  up  with  the  great  engineer- 
ing societies  of  America. 
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RELATION  BETWEEN  TECHNICAL  SCHOOLS 
AND    INDUSTRY. 

C.    S.   COLER, 
Westinghouse  E.  and  M.  Co.,  East  Pittsburgh,.  Pa. 

Mr.  Chairman,  Ladies  and  Gentlemen:  I  have  been  asked 
to  say  a  few  words  about  the  relationship  which  exists  or 
should  exist  between  the  technical  schools  and  industry.  In 
the  past  the  relationship  has  been  what  nii^ht  be  called  a 
"step  fa(r)ther."  The  schools  have  considered  it  their  job 
to  train  men;  the  industries  have  attempted  to  take  those 
men  who  have  been  trained  and  adjust  them,  in  the  quickest 
way,  to  their  actual  needs. 

From  looking  over  your  program  and  after  talking  with  a 
number  of  educators  throughout  the  country,  it  is  apparent 
to  me  that  the  time  is  rapidly  approaching  when  the  relation- 
ship between  the  technical  schools  and  industry  will  be  much 
closer,  when  we  shall  come  to  realize  that  our  problem  is  a 
mutual  one,  and  that  there  must  be  a  closer  understanding  of 
all  the  facts  involved  in  the  industrial  problem  on  the  part 
of  both  the  schools  and  industry. 

In  thinking  over  this  matter  while  coming  up  on  the  train 
this  morning  it  has  occurred  to  me  that  there  can  be  drawn 
a  very  close  analogy  between  our  various  institutions  in  this 
country  and  a  mechanical  system  of  inter-connected  fly  wheels. 
We  have  our  school  fly  wheel,  our  church  fly  wheel,  our  army 
and  na\y  fly  wheel,  our  industrial  fly  wheel,  our  commercial 
fly  wheel,  and  a  number  of  large  and  small  fly  wheels,  all 
connected  together  in  the  same  system.  Any  action  on  the 
part  of  one  has  its  effect  on  each  of  the  others.  Starting  with 
this  conception,  that  there  is  a  definite  connection  between 
the  various  units  in  our  society,  let  us  analyze  for  a  moment 
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the  industrial  fly  wheel  to  see  if  the  correct  principles  have 
been  worked  into  the  design:  whether  or  not  we  are  using- 
our  facilities  to  the  best  advantage  and  by  what  means  we 
can  increase  the  size  of  our  industrial  fly  wheel  and  still  keep 
it  safe.  (Turning  to  blackboard.)  As  the  basis  of  our  in- 
dustrial fly  wheel  we  have  the  hub.  which  I  believe  can  be 
compared  to  the  home.  "Without  good  solid  home  life  none 
of  the  fly  wheels  in  our  system  will  be  safe  or  worth  while. 

Considering  next,  the  rim.  we  find  that  the  elements  which 
compose  its  structure  are  those  individuals  who  have  the  in- 
telligence, training,  and  practical  experience,  which  carry  the 
most  weight  in  industrial  life. 

As  far  as  industry  is  concerned  the  time  of  many  individ- 
uals between  the  hub  and  the  rim.  is  more  valuable  in  study 
and  preparation  than  in  industrial  work.  This  is  the  school 
period.  However,  there  are  always  those  who  will  enter  in- 
dustry with  a  relatively  small  amount  of  formal  preparation 
for  it. 

Work  is  the  real  substance  of  industry.  It  should  start  in 
the  home,  being  maintained  and  encouraged  throughout  the 
school  period,  and  carried  out  into  the  rim  of  the  wheel  in 
conjunction  with  trained  intelligence  which  gives  it  direction. 
It  is  impossible  to  take  an  indi^ndual  from  a  city  home  and 
put  him  at  a  desk  in  school  anywhere  from  8  to  16  years  and 
then  expect  him  to  go  out  into  real  industrial  work,  roll  up 
his  sleeves  and  enjoy  doing  things.  The  spokes  of  the  indus- 
trial fly  wheel  consist  of  the  actual  work  which  students  do 
in  school  and  these  spokes  must  be  maintained  to  furnish  a 
strong  connection  between  the  rim  and  the  hub. 

Once  in  a  while  out  here  in  the  rim  we  find  a  blow-hole, 
some  one  who  gives  up  all  his  time  to  study  and  never  per- 
forms anything.  Sometimes  we  find  a  large  amount  of  reaUy 
good  material  crowded  in  near  the  hub  where  it  is  not  very 
effective.  Our  industrial  organization  should  be  flexible 
enough  to  allow  a  man  with  intelligence,  training,  and  apti- 
tude, to  work  his  way  through  the  structure  and  out  into  the 
rim  where  he  belongs.     If  elements  are  present  in  the  rim, 


180  TECHNICAL.   SCHOOLS    AND    INDUSTRY. 

which  do  not  belong  there,  they  should  be  thrown  off  or  in 
the  end,  if  present  in  large  enough  quantities,  they  will  wreck 
the  machine.  On  the  other  hand  the  design  and  structure  of 
the  industrial  fly  wheel  should  be  rigid  enough  to  withstand 
the  shocks  that  come  to  industry,  to  be  able  to  slow  down  and 
start  up  rapidly,  and  to  be  always  ready  to  render  service  in 
supplying  human  needs. 

I  have  gone  into  some  details  in  this  analogy  as  I  wish  to 
bring  out  the  very  close  relationship  that  should  exist  be- 
tween the  engineering  schools  and  industry.  They  are  both 
a  part  of  the  same  fly  wheel  in  our  national  organization. 

Now  to  get  down  to  special  lines  of  cooperation  which  may 
be  drawn  between  the  technical  schools  and  industry.  First 
the  student-selection  is  a  fundamental  thing  both  from  a 
standpoint  of  industry  and  from  the  standpoint  of  our  schools. 
Fundamentally  the  schools  do  the  selecting  of  the  high-grade 
material  that  is  to  enter  industry.  We,  in  industry,  should 
supply  the  technical  schools  with  information  as  to  what  is 
required  of  engineers,  so  that  they  in  turn  can  go  to  the  high 
schools  and  select  the  right  men  for  training.  Since  the  col- 
lege entrance  requirements  determine,  to  a  great  degree,  the 
character  of  our  high  schools,  I  believe  that  the  engineering 
schools  of  our  universities  should  have  more  influence  than 
they  do  in  establishing  college  entrance  requirements. 

If  the  instructors  in  our  schools  would  study  their  students 
more  carefully  and  would  grade  them,  not  only  on  the  amount 
which  they  have  learned,  each  term,  but  on  their  personal 
characteristics,  the  benefits  would  be  very  great.  The  effect 
would  show  up  not  only  in  aiding  the  student  to  enter  the 
proper  line  of  work  but  also  in  the  ability  of  the  instructor 
to  secure  better  results  through  his  knowledge  of  the  indi- 
vidual students. 

I  agree  with  the  member,  that  the  students  should  be 
brought  earlier  in  touch  with  the  indu.stry.  Youngsters  should 
have  the  opportunity  to  go  through  various  plants  and  see  the 
wheels  moving,  and  to  secure  some  impressions  which  will 
enable  them  to  decide  what  thev  would  ultimatelv  like  to  be. 
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A  year's  work  in  industry,  following  a  high-seliool  course, 
would  be  a  good  thing  for  many  of  the  students.  Of  course 
there  is  the  danger  that  they  may  not  wish  to  leave  industry 
to  continue  their  school  work  but  at  the  same  time  many  col- 
lege students  are  working  at  a  very  low  power  factor  because 
they  do  not  know  why  they  are  in  college  and  they  do  not 
have  a  real  plan.  A  year's  hard  work  in  the  shop  would 
show  many  of  the  students  pretty  well  what  they  ought  to  get 
out  of  their  college  work,  not  how  to  get  out  of  it. 

Summer  work  offers  a  definite  line  of  cooperation.  In- 
dustry has  its  problem,  however,  in  absorbing  large  numbers 
of  men  for  short  periods  of  time.  There  are,  in  the  various 
divisions  of  the  "SVestinghouse  organization,  this  summer, 
about  two  hundred  juniors.  We  are  making  a  study  of  the 
problem  of  absorbing  these  men  into  industry  for  the  sum- 
mer months.  "We  shall  be  interested  in  finding  how  many  of 
them  return,  how  effective  their  work  is,  and  how  much  of  a 
jolt  it  puts  -on  the  departments  to  release  them  all  at  prac- 
tically the  same  time.  We  trust  that  you  men  who  will  come 
in  contact  with  these  under  graduates,  after  their  return  to 
college,  will  investigate  the  matter  from  your  viewpoint  to 
find  out  what  they  have  gotten  out  of  their  summer's  work 
and  how  you  can  use  their  experience  in  connection  with  your 
teaching  program.  Within  another  year  we  should  get  to- 
gether and  discuss  this  matter  on  a  basis  of  actual  facts. 

There  are  undoubtedly  a  number  of  students  who  drop  out 
of  the  university  after  the  second  or  third  year.  Could  we 
not  in  industry  cooperate  with  the  universities  in  aiding 
worthy  students  who  have  had  to  drop  out,  because  of  finan- 
cial reasons,  to  continue  their  school  work  in  the  evening- 
while  working  during  the  day.  Several  hundred  of  the  young 
men  in  our  organization  are  planning  to  secure  their  degree 
by  this  method. 

Another  line  of  cooperation  is  through  the  alumni.  Are  the 
technical  schools  using  their  alumni  to  the  very  best  advan- 
tage as  a  means  of  forming  closer  connection  between  them- 
selves   and    industry?     Local    alumni    associations    can    be 
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formed  in  industrial  centers — we  have  a  number  of  them 
down  in  Pittsburgh.  Why  could  not  a  little  time  be  spent  at 
alumni  reunions  in  securing  closer  contact  with  the  alumni 
who  are  in  industry?  Those  who  have  been  out  five  or  ten 
years  should  all  have  different  slants  on  the  problem  and 
should  be  in  a  position  to  contribute  something  worth  while 
to  their  alma  mater. 

In  the  night  school  which  is  conducted  in  conjunction  with 
our  works  we  have  taken  up  with  the  alumni  the  matter  of 
furnishing  the  school  with  a  number  of  practical  problems 
for  class  room  work.  The  result  has  been  very  much  worth 
while.  It  has  increased  the  interest  of  the  alumni  in  the  work 
of  the  school  and  has  given  the  students  a  series  of  problems 
which  are  up-to-date  and  real. 

Industry  can  cooperate  with  the  schools  in  supplying  them 
with  lecturers,  lantern  slides  and  moving  pictures  covering 
various  phases  of  industrial  work. 

Many  of  the  industries  make  special  rates  to  the  schools  for 
laboratory  equipment,  particularly  when  standard  apparatus 
is  used. 

The  engineering  societies  can  be  used  as  a  means  of  securing 
closer  contact  between  industry  and  the  schools. 

Scholarships  can  be  offered  by  industry  to  enable  a  number 
of  their  employees,  each  year,  who  should  have  the  advantage 
of  a  college  education,  to  secure  it.  Our  company  is  now 
offering  four  industrial  scholarships,  each  year,  each  paying 
$500  per  year  for  four  years.  Either  employees  or  the  sons 
of  employees  may  compete  for  these  scholarships. 

Possibly  one  of  the  best  channels  for  cooperation  between 
the  technical  schools  and  industry  is,  through  the  teachers. 
The  instructor  should  be  thoroughly  acquainted  with  the  work 
for  which  his  students  are  being  trained  before  he  can  hope 
to  secure  the  best  results.  The  industries  should  cooperate 
with  teachers  in  keeping  them  supplied  with  literature  and 
information  about  their  product. 

During  these  times  the  technical  schools  as  well  as  industry 
are  facing  a  number  of  very  serious  problems.     The  period 
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is  coming  shortly  when  you  will  have  to  reman  your  organiza- 
tion. What  kind  of  training  are  you  going  to  require  for 
teachers.  If  some  practical  experience  is  considered  advis- 
able for  technical  graduates  before  taking  up  responsible 
positions  in  industry,  why  should  the  same  requisit  not  exist 
for  those  who  are  to  enter  teaching?  I  am  quite  sure  that 
our  organization  would  be  willing  to  cooperate  with  the  tech- 
nical schools  in  this  connection.  We  can  assist  by  offering 
our  graduate  student  training  to  a  number  of  graduates,  each 
year,  who  are  selected  by  the  various  schools  to  take  up  en- 
gineering teaching.  A  schedule  could  be  worked  out  to  give 
these  men  experience  along  certain  lines  according  to  the 
needs  of  the  school.  In  case  it  was  felt  desirable  to  secure 
alumni  from  other  institutions,  as  teachers,  an  exchange 
agreement  could  possibly  be  worked  out  between  the  various 
institutions  using  this  service. 

During  the  past  ten  years  our  organization  has  conducted 
annual  summer  conferences  for  teachers.  Approximately  175 
professors  and  deans  have  spent  five  weeks  in  our  plant  study- 
ing methods  of  manufacture  and  organization  and  getting 
acquainted  with  the  engineers  who  are  responsible  for  prog- 
ress in  various  lines. 

In  conclusion  I  might  mention  several  matters  which  seem 
to  me  to  have  a  bearing  on  the  problems  of  engineering 
teaching. 

A  recent  report  published  by  the  educational  committee  of 
the  British  Electrical  and  Allied  Manufacturers  Association, 
urges  the  schools  of  England  to  keep  their  engineering  educa- 
tion as  broad  and  fundamental  as  possible  and  recommends 
that  either  two  or  three  years  of  practical  training,  in  in- 
dustry, should  furnish  the  basis  for  an  engineering  career. 

It  is  my  personal  conviction  that  instruction  in  economics 
and  English  should  be  considered  as  a  part  of  every  subject 
taught  in  the  engineering  curriculum.  If  a  student  is  study- 
ing transformers,  let  him  write  up  his  reports  in  good  Eng- 
lish and  according  to  the  best  engineering  practice  and  let 
him  understand  while  learning  the  theory  of  the  transformer. 
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why  it  has  a  place  in  our  engineering  practice  and  the  varions 
economic  problems  involved  in  its  design,  constmction  and 
application. 

The  knowledge  of  hnman  natnre  is  now  more  necessary  for 
snccess  in  engineering  than  it  has  been  heretofore.  If  yonr 
graduates  are  to  fill  the  place  in  the  world  which  you  have  in 
mind  for  them,  they  must  know  how  to  deal  with  people  and 
they  should  have  secured  some  theory  and  practice  in  this 
connection  before  entering  industry. 

Many  of  our  engineering  students  lack  what  we  might  call 
a  business  sense;  knowledge  of  those  principles  which  enter 
into  good  business  practice  and  an  ability  to  apply  them. 

It  might  prove  of  interest  to  those  responsible  for  carrying 
on  technical  training  to  investigate  the  motives  which  lead 
men  to  take  up  a  college  course.  I  have  met  a  few  men  during 
the  past  year  whose  motive  in  going  to  college  must  have  been 
to  get  out  of  work. 

In  looking  over  the  diploma,  some  time  ago.  which  I  re- 
ceived when  I  graduated.  I  find  that  it  states  that  in  view  of 
having  received  my  training  I  am  now  to  be  accorded  "Rights, 
Privileges  and  Honors."  After  a  number  of  years  in  industry 
it  is  my  conviction  that  my  diploma  should  have  said  "You 
are  now  ready  to  go  out  for  a  full  life  of  hard  work  and  to  pay 
back  to  society  a  portion,  at  least,  of  what  society  has  done 
for  vou." 


COOPERATION  BETWEEN  ENGINEERING 
SCHOOLS  AND  THE  UTILITIES. 

BY  H.  B.  SHAW, 
Henry  L.  Doherty  &  Company. 

In  discussing  this  subject,  it  may  be  taken  for  granted  that 
effective  cooperation  can  be  secured  only  by  complete  mutual 
understanding  as  to  matters  of  mutual  interest,  for  mutuality 
of  interest  is  the  starting  point  for  cooperation  and  the  neces- 
sary teamwork  develops  only  through  the  understanding 
which  comes  to  those  who  work  together  to  a  common  end. 
There  is  very  little  cooperation  between  engineering  schools 
and  utilities,  and  that  little  not  organized,  and  it  would  seem 
to  be  easy  to  secure  more  effective  results  by  formulations  of 
plans  for  cooperation,  which  would  provide  for  more  intimate 
understanding  on  the  part  of  those  cooperating,  and  assign- 
ment of  the  work  so  that  each  individual  participating  may 
understand  the  plans  and  be  enabled  to  fit  his  work  to  it. 
Cooperation  within  organizations  has  come  to  mean  so  much 
that  cooperation  with  others  naturally  appeals  to  utilities, 
and  besides  there  is  already  a  large  measure  of  cooperation 
between  different  utilities  as  in  the  utility  associations.  So  a 
pertinent  suggestion  is  for  the  Society  for  the  Promotion  of 
Engineering  Education  to  take  the  initiative  in  asking  for 
cooperation  with  say^  the  National  Electric  Light  Association 
and  other  similar  national  and  state  associations.  The  co- 
operation of  such  national  societies  as  the  A.  I.  E.  E.  and  A. 
S.  M.  E.,  etc.,  in  establishing  student  branches,  educational 
committees,  etc.,  has  already  proved  of  value  to  engineering 
education,  and  carried  further  along  the  line  proposed  by 
President  Hollis  at  yesterday's  meeting  will  doubtless  be  ex- 
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tremely  valuable,  aud  possibly  epoch  making.  Why  should 
not  cooperation  with  utilities,  by  which  so  large  a  proportion 
of  engineering  graduates  are  employed,  be  beneficial  to  the 
engineering  schools  and  enable  them  to  more  adequately  edu- 
cate their  students? 

It  is  generally  believed  that  there  is  too  much  of  a  gap  be- 
tween the  engineering  school  and  the  practice  of  engineering 
and  possibly  more  of  a  gap  between  the  school  and  engaging 
in  business,  such  a  gap  does  not  however  appear  between  the 
practice  of  engineering  and  business,  in  fact  most  engineer- 
ing graduates  find  that  they  are  engaged  in  business  of  an 
engineering  character  rather  than  putting  into  practice  the 
engineering  learned  in  college.  By  starting  cooperative 
courses,  some  engineering  schools  have  narrowed  the  gap  and 
the  great  increase  in  summer  vacation  work  for  undergradu- 
ates is  tending  in  the  same  direction  and  proving  generally 
adaptable.  Cooperation  may  bridge  or  even  eliminate  the 
"gap"  and  bring  the  schools  and  the  utilities  closer  together. 

In  years  past  many  a  business  has  been  improved  or  even 
rescued  by  the  introduction  of  engineering  principles,  but 
nowadays  there  does  not  seem  to  be  much  ditference  between 
the  underlying  principles  of  business  and  engineering.  Both 
require  that  real  service  be  rendered,  in  which  they  do  not 
differ  from  engineering  schools;  in  both,  the  returns  must  be 
adequate  in  order  to  secure  their  continuance  and  the  main- 
tenance of  the  service;  in  both,  team  work  and  organization 
morale  are  essential  to  the  success  of  large  undertakings. 
These  highest  interests  of  both  business  and  engineering  are 
in  harmony  with  and  not  opposed  to  the  best  interests  of 
communities  and  individuals. 

The  outstanding  interest  in  common  between  engineering 
schools  and  utilities  or  other  businesses  appears  to  lie  in  the 
emplo^^llent  of  engineering  graduates ;  for  teachers,  the  grad- 
uates and  business  men  alike  are  interested  in  the  graduates 
having  full  opportunity  to  develop  through  experience  under 
responsibility  with  selection  which  provides  "the  right  men 
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in  the  right  places."  One  of  the  greatest  satisfactions  in  life 
must  come  to  teachers  in  knowing  the  success  of  their  stu- 
dents and  realizing  that  they  have  contributed  to  that  suc- 
cess through  their  counsel,  guidance,  and  instruction,  as  well 
as  by  their  personality  and  example.  Teachers  of  engineering 
especially  have  a  right  to  pride  of  workmanship  in  the  service 
they  perform  in  preparing  young  men  for  engineering,  in- 
dustr}-  and  business. 

The  firm  with  which  I  am  connected,  Henry  L.  Doherty  & 
Company,  has  taken  the  greatest  interest  in  the  selection  and 
training  of  young  men  in  its  utilities  and  oil  businesses,  and 
has  had  fourteen  years  of  experience  under  a  plan  of  employ- 
ing engineering  graduates  and  giving  them,  individually,  a 
diversified  and  comprehensive  training  in  the  different  phases 
of  the  businesses.  Through  this  training  these  graduates  have 
developed  in  the  organization  into  positions  of  responsibility 
in  financial  and  business  lines  as  well  as  in  operating  and  engi- 
neering. 

Few  of  the  engineering  graduates  we  have  employed  have 
been  educated  in  gas  or  petroleum  engineering.  Many  of  them 
have  not  had  these  businesses  called  to  their  attention,  nor 
have  they  in  general  acquired  the  fundamentals  peculiar  to 
and  underhung  them.  In  fact,  these  great  fields  of  business 
and  engineering  endeavor,  one  relatively  old,  the  other  some- 
what new,  are  as  near  as  we  can  ascertain  hardly  ever  re- 
ferred to  in  engineering  courses,  unless  it  be  in  chemical  engi- 
neering, mining  engineering,  or  in  geology,  the  latter  of  which, 
unfortunately,  many  engineering  students  do  not  study. 
Engineering  students  are  taught  the  production  and  use  i.f 
manufactured  products  and  the  production,  distribution  and 
use  of  power  and  of  electricity.  So,  it  seems  strange  that  in 
general  they  are  taught  practically  nothing  about  the  produc- 
tion, distribution,  and  utilization  of  artificial  and  natural  gas, 
or  of  petroleum,  and  for  that  matter  too  little  about  heat,  fuel 
and  combustion  in  their  industrial  aspects.  The  field  for  the 
economic  utilization  of  heat  is  relatively  enormous  and  even 
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surprising  to  those  who  have  not  been  in  touch  with  it,  and  the 
gas  business  is  comparable  with  the  electric  central  station 
business  when  measured  by  investment,  volume  of  business,  or 
service  rendered. 

It  is  true  that  the  gas  business  has  been  held  back  by  using 
unscientific  and  unprofitable  forms  of  rates,  by  the  require- 
ments of  candlepower  and  other  standards  and  by  the  credit- 
ing of  the  proceeds  from  sales  of  by-products  to  the  cost  of 
manufacturing  gas,  thus  preventing  the  most  economic  utiliza- 
tion of  fuel  and  forcing  waste. 

Recently  we  have  attempted  to  crystallize  our  experience  in 
training  and  put  it  in  the  form  of  specifications  for  engineer- 
ing graduates,  which  were  prepared  in  connection  with  a  co- 
operative plan  initiated  by  Dr.  HoUis  Godfrey,  under  the 
auspices  of  the  Technology  Clubs,  Associated.  The  attitude 
of  business  men  and  of  the  industries  toward  cooperation  has 
been  shown  by  their  support  of  this  cooperative  plan.  These 
specifications  together  with  others  are  being  analyzed  from 
the  educational  viewpoint,  and  are  to  be  published  later  with 
analyses  and  discussions. 

i 

Henry  L.  Doecerty  &  Company's  Specifications  for 
Technical.  Graduates. 

These  specifications  are  a  part  of  a  cooperative  plan  which 
has  been  undertaken  to  arrive  at  a  more  complete  understand- 
ing between  the  industries  and  technical  schools,  and  to  aid  in 
improving  the  product  of  the  schools,  the  judicious  selection 
of  graduates,  and  the  work  of  the  graduates  in  the  industries. 
They  are  intended  to  cover  the  number  and  qualifications  of 
graduates  to  be  selected  for  employment  by  Henry  L.  Doherty 
&  Company.  They  are  based  upon  the  experience  gained  in 
employing  and  training  a  considerable  number  of  graduates 
during  the  past  fourteen  years.  They  are  admittedly  incom- 
plete as  the  attempt  has  been  made  to  point  out  the  particu- 
lars in  which  it  is  believed  graduates  considered  as  products 
of  the  colleges  may  be  improved  and  better  fitted  to  start  their 
work  in  industry. 

The  graduates  emploj'ed  by  Henry  L.  Doherty  &  Company 
will  be  expected  to  develop  through  training  and  experience 
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into  positions  of  responsibility  and  usefulness  in  the  different 
parts  of  the  business  which  consists  of  supplying  electric,  gas, 
water  and  heat  service,  street  and  interurban' transportation, 
and  of  the  production,  transportation,  refining  and  distribu- 
tion of  petroleum  and  its  products. 

Graduates  are  desired  who  when  trained  can : 

1.  Help  protect  investments  by  proper  construction  and 
operation,  by  courteous  and  straight-forward  dealing  with  in- 
vestors, customers,  the  public,  state  and  municipal  authori- 
ties, regulatory  bodies  and  fellow  employees. 

2.  Aid  in  the  development  and  extension  of  the  market 
through  rendering  the  best  of  service  and  through  the  most 
economic  utilization  of  resources. 

3.  Help  solve  our  problems,  technical  and  human,  capably 
meeting  situations  as  they  develop. 

From  one  hundred  to  two  hundred  graduates  a  year  w^U 
be  employed,  as  they  may  be  selected  through  recommenda- 
tions of  teachers,  visits  of  representatives  to  colleges  and  inter- 
views with  applicants.  It  is  desired  that  the  selection  be 
mutual,  each  applicant  understanding  as  clearly  as  possible  the 
training  and  the  work  which  he  will  afterwards  be  expected 
to  do  and  the  organization's  representative  believing  that  the 
applicant  will  be  especially  suited  to  the  training  and  to  de- 
velop into  a  useful  and  effective  member  of  the  organization. 

It  has  been  found  by  experience  that  the  qualifications  nec- 
essary for  success  in  engineering  work  and  operation  in  the 
utilities  and  oil  businesses,  the  lack  of  any  one  of  which  is 
liable  to  retard  the  graduate's  advancement  are  as  follows: 

1.  Graduates  in  engineering  are  desired  for  they  will  have 
to  deal  with  operations  primarily  dependent  upon  natural 
laws,  and  it  should  be  clearly  recognized  that  the  men  se- 
lected are  expected  to  develop  in  the  utilities  and  oil  busi- 
nesses rather  than  mereh'  put  into  practice  what  has  been 
learned  in  college. 

2.  These  graduates  should  be  educated  in  the  fundamentals 
of  phj'sics,  chemistry,  economics,  psychology  and  engineering, 
and  have  the  ability  to  use  these  fundamentals  without  con- 
scious effort  to  meet  methods,  processes,  conditions  and  situa- 
tions. They  will  have  to  deal  with  materials,  money  and  men 
and  will  have  continuous  and  progressive  need  for  these 
fundamentals  in  all  of  their  work.  It  is  considered  unwise 
for  a  graduate  to  have  specialized  at  the  expense  of  a  thorough 
grasp  of  any  fundamentals,  for  too  early  specialization  has 
the  tendency  to  narrow  one's  vision  and  to  restrict  his  field 
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of  future  usefulness.  Specialization  will  most  naturally  come 
with  experience,  for  many  graduates  now  find  themselves 
specialized  beyond  the  point  which  they  may  possibly  attain 
in  some  years  of  work.  For  example,  one  graduate  in  a  thou- 
sand may  find  his  opportunity  in  specialized  design  of  some 
kind,  whereas  nearly  everyone  needs  to  know  values  and  costs. 
and  the  laws  of  supply  and  demand. 

3.  The  graduates  should  be  men  who  finish  what  they  start, 
who  get  what  they  go  after,  not  easily  discouraged  by  bad 
luck  or  by  criticism,  but  who  will  put  forth  every  effort  to 
succeed.  The  man  who  fails  to  complete  the  work  he  has 
undertaken  not  only  renders  no  service  but  actually  delays  the 
progress  of  the  work  and  makes  it  necessary  for  someone  else 
to  begin  it  over  again  and  carry  it  through  to  completion. 
Only  such  graduates  as  stay  with  the  organization  and  develop 
effectively  compensate  it  for  the  training  provided. 

4.  The  graduates  should  be  men  who  will  develop  tact  and 
diplomacy,  who  will  meet  the  public  fairly  and  openly  and 
create  friendly  relations.  Besides  dealing  with  machinery 
and  natural  laws  these  men  will  also  have  to  deal  with  men 
and  affairs,  meeting,  pleasing  and  convincing  fellow  employes, 
customers,  investors,  the  public,  city  and  state  authorities  and 
regulatory  bodies.  They  will  be  expected  to  develop  initiative 
and  cooperation  as  engineers,  leaders  and  executives  in  the 
organization,  being  not  "'star  players"  but  team  workers. 

5.  The  graduates  should  be  men  who  have  been  trained  to 
think  for  themselves,  of  conservative  judgment,  but  not  bound 
by  precedents,  who  can  be  trusted  to  try  out  new  and  un- 
tried methods:  men  who  think  straight  and  through  to  con- 
clusions, who.  having  aHII  for  action,  act  promptly,  eftiectively 
and  justly:  men  who  quickly  familiarize  themselves  with  all 
the  vital  factors  of  a  situation  and  then  form  sound  judg- 
ments, and  who  have  ability  to  express  those  judgments  so 
as  to  convince  and  stimulate  others. 

"VTe  insist  that  judgment  is  the  foundation  of  engineering 
because  no  amount  of  mathematical  or  other  knowledge  can 
eliminate  judgment,  as  for  instance  in  the  selection  of  the  most 
economic  process,  the  proper  factors  of  safety  and  stability, 
the  return  to  attract  investment,  the  funds  to  be  set  aside  to 
protect  a  property,  or  the  permissible  operating  labor 
costs,  etc. 

It  is  realized  that  sound  judgment  of  men  and  matters  does 
not  usually  come  at  an  early  age,  and  is  probably  developed 
most  fully  through  considerable  experience  under  responsi- 
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bility.  Yet  it  is  firmly  believed  that  graduates  should  come 
to  us  convinced  that  technical  training  is  not  a  substitute  for 
good  judgment  but  a  very  valuable  assistance  thereto,  and 
should  have  made  at  least  a  start  toward  developing  in  the 
exercise  and  expression  of  judgment,  which  is  considered  the 
most  important  qualification  for  successful  service.  The  effect 
which  engineering  education  has  in  developing  thinking  and 
judgment  is  recognized,  but  men  are  desired  who  have  had 
more  training  in  thinking  as  contrasted  with  learning  the 
thoughts  of  others  and  more  systematic  training  in  the  exer- 
cise and  expression  of  judgment.  As  a  suggestion  and  not  as 
an  attempt  to  specify  the  educational  process  as  well  as  the 
product,  it  is  believed  that  the  substitution  of  the  exercise  and 
expression  of  judgment  on  matters  familiar  to  the  student  and 
germane  to  the  study  might  well  be  substituted  for  exami- 
nations. 

6.  The  graduates  should  be  adaptable  to  honest  business 
and  commercial  practice.  They  should  at  least  realize  that  the 
operation  of  a  utility  such  as  a  central  electric  station  is  a 
business  enterprise,  and  not  merely  the  application  of  physical 
laws  pertaining  to  combustion,  steam  and  electricity,  and 
further,  that  safe,  adequate  and  reliable  service  must  be  fur- 
nished and  sold  at  a  profit. 

7.  Graduates  are  desired  who  have  sound  constitutions  and 
general  good  health ;  not  necessarily  large  but  able-bodied  and 
active.  The  value  of  good  health  and  sanitary  habits  in  pro- 
duction and  service  can  hardly  be  overstated  as  every  indi- 
vidual realizes  the  effect  of  good  health  and  good  habits  on 
himself  and  on  his  work. 

8.  Each  graduate  should  be  a  man  who  will  function  prop- 
erly in  the  organization  in  which  he  works,  with,  through,  and 
for  others  and  where  the  emphasis  is  placed  on  accomplish- 
ment and  service  rather  than  on  the  acquirement  or  possession 
of  knowledge.  It  should  be  realized  that  initiative  is  most 
desirable  but  it  must  be  tempered  by  the  spirit  of  cooperation, 
and  that  pride  of  workmanship,  pride  of  service  and  habits  of 
thrift  are  essential  to  organization  teamwork. 

These  specifications  are  the  result  of  our  attempt  to  in- 
corporate in  that  form  the  characteristics  and  qualifications 
which  we  believe  make  for  success  in  the  utilities  business — 
success  as  measured  by  service  as  well  as  by  its  reward.  It 
is  evident  that  they  specify  qualities  desired  rather  than 
knowledge  acquired. 
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Jt  is  requested  that  the  exact  wording  of  the  second  qualifi- 
cation should  be  noted,  viz.  "the  fundamentals  of  physics, 
cliemistry,  economics,  psychology  and  engineering"  as  care 
was  taken  not  to  refer  to  "fundamental  subjects."' 

Also,  the  attempt  has  been  made  to  emphasize  fundamentals 
and  to  ascribe  as  great  relative  importance  to  the  funda- 
mentals of  economies  and  psychology-  as  to  those  of  physics 
and  chemistry. 

The  idea  is  somewhat  generally  prevalent  that  mathematics 
is  the  basis  of  engineering,  but  Avhile  it  is  realized  that  mathe- 
matics is  a  necessary-  prerequisite  to  a  number  of  studies  in 
engineering  curricula,  yet  the  great  majority  of  practicing 
engineers  can  hardly  be  said  to  do  their  tliinking  by  precise 
mathematical  methods.  Engineering  practice  is  largely  eco- 
nomic and  social,  and  requires  leaders  who  have  sympathetic 
undei'standing  of  human  nature  and  of  economic  and  social 
relations,  because  they  have  to  deal  not  only  with  materials, 
machinery  and  the  natural  laws,  but  mainly  with  men,  money 
and  methods. 

It  is  assumed  that  engineering  educators  are  agreed  gen- 
erally- that  it  is  necessaiy  for  engineering  as  well  as  other 
students  to  develop  first  of  all  as  men  and  citizois,  so  that 
tlirough  their  engineering  work  they  may  serve  and  advance 
to  the  limits  of  their  capacities,  that  is, 

(1)  That  they  may  live  and  act  aright. 

(2)  That  they  may  think  straight  and  through  to  conclusions. 

(3)  That  they  may  be  of  the  greatest  service  in  engineering 

practice  and  in  business. 

(4)  That  they  may  develop  unfaltering  confidence,  imagina- 

tion, will  for  action,  constructive  initiative,  and  un- 
hesitating cooperation. 

(5)  That,  above  all,  they  develop  steadily  in  the  exercise  and 

expression  of  sound  judgment  so  as  to  convince  and 

stimulate  others. 
It  is  higlily  desirable  that  the  education  offered  should  be 
such  as  to  develop  character  and  personal  power  and  should 
provide  a  tliorough  grounding  in  fundamentals,  not  special- 
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izing,  but  "broadening."  Specialization  comes  early  enougb 
after  some  experience.  This  does  not  mean  that  they  should 
not  learn  about  the  kinds  of  work  they  may  be  called  upon 
to  do  as  engineers.  It  is  suggested  that  there  should  be  con- 
scious effort  to  develop  character  and  personal  power  even  to 
the  extent  of  eliminating  some  of  the  technique. 

The  most  promising  effort  would  naturally  be  to  plan  to 
have  students  join  in  the  exercise  of  judgment,  in  thinking, 
and  in  expression,  and  submitting  specifications  such  as  the 
foregoing  to  engineering  students  for  their  critical  analysis, 
judgment  and  expression  of  opinion  might  prove  most  inter- 
esting. Might  we  not  consider  the  development  in  thinking, 
in  judgment,  and  in  expression  as  the  essentials  in  engineer- 
ing education. 

It  is  suggested  that  curricula  should  not  be  planned  to  fit 
the  then  teachers,  but  rather  ^^ith  the  view  of  providing  what 
the  majority  of  students  and  also  the  best  of  them  should 
learn  in  order  to  make  themselves  of  the  most  service.  The 
work  having  been  planned,  teachers  should  be  selected  who 
can  best  carry  out  the  plans  and  have  assigned  to  them  the 
teaching  for  which  they  are  best  suited. 

Engineering  teachers  might  well  have  more  engineering 
and  business  experience  and  the  younger  men  without  much 
experience  in  life  or  in  engineering  should  "carry  on"  under 
the  g-uidance  of  leaders  who  are  experienced. 

It  should  be  recognized  that  students  have  different  abilities, 
capacities  and  aptitudes;  some  are  most  interested  in  and 
early  acquire  languages,  some  are  mathematically  inclined, 
some  take  naturally  to  the  natural  sciences  and  engineering, 
some  are  interested  in  construction  and  in  machinery;  too  few 
are  inclined  to  study  men  and  human  nature,  and  so  to 
develop  early  as  leaders.  Individual  students  generally  show 
most  interest  in  one  or  the  other  of  the  interests  mentioned, 
but  rarely  indeed  in  all  of  them. 

So  it  may  be  suggested  that  the  first  step  in  "balancing  an 
engineering  curriculum"  is  to  decide  upon  the  irreducible 
minimum  for  all  students  in  engineering,  which  for  lack  of  a 
14 
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better  name  may  be  called  "Prerequisites"  and  ■•Engineer- 
ing," and  then  to  use  the  rest  of  the  curriculum  to  develop 
the  "aptitudes"  of  each,  by  more  intense  and  further  study 
of  fundamentals. 

By  the  way  of  illustration,  assume  the  curriculum  is  to  con- 
tain 40  studies  in  a  four  year  course  in  general  engineering. 

The  ''Prerequisites"  might  be  20  of  the  studies. 
The  "Engineering"  might  be  10  of  the  studies. 
The  "Aptitudes"  might  be  10  of  the  studies. 

divided  perhaps  as  follows: 

Prerequisites : 

English 2  studies 

Mathematics    2       " 

Chemistry    2       " 

Physics   2       " 

Economics   2       " 

Psychology 2       " 

Geology    2       " 

Production  methods 2       "  (modification  of 

"shopwork"  and 
drawing.) 

Mechanics  and  construction  .  .      2       " 

Engineering  principles  and  ap- 
plications         2       " 

20       " 
Required  Engineering: 

from  Civil  Engineering    2  studies 

from  Electrical  Engineering   2  studies 

from  Mechanical  Engineering 2  studies 

from   Chemical  Engineering    2  studies 

from  Industrial  Engineering 2  studies 

10  studies 
Electives — ' '  Aptitudes ' ' : 

Cultural — Minimum  2  studies.     Maximum  4  studies 

Scientific — Minimimi  2  studies.     Maximum  4  studies 

Engineering — Minimum     2  studies.     Maximum  4  studies 

Total  of  10  studies. 

Naturally  each  study  would  have  to  be  coordinated  with  the 
others. 
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The  curriculum  is  confined  to  "fundamentals." 

Specialization  and  too  intense  study  of  current  practice 
are  avoided. 

It  is  suggested  that  economics  and  psychology  are  as  much 
needed  for  the  future  work  of  graduates  as  physics  and 
chemistry. 

The  mere  naming  of  the  studies  in  a  curriculum  gives  very 
little  idea  of  what  is  taught,  and  it  seems  necessary  to  go  into 
the  content  of  studies  and  the  teaching  for  the  personality 
and  force  of  the  teacher  may  make  alive  the  dry  bones  of 
almost  any  study. 

It  is  suggested  that  chemistry  and  economics  should  be 
welded  into  engineering  studies  as  physics  has  been,  and  this 
would  also  apply  for  such  subjects  as  geology,  metallurgy, 
English,  economies,  etc. 

The  initiative  and  cooperation  of  engineering  teachers 
seems  to  have  been  hampered  by  too  clearly  drawn  lines  be- 
tween ''fields  of  knowledge."  Does  the  dean  or  professor 
visit  the  classes  or  another  teacher?  Does  any  one  teacher 
have  a  clear  conception  of  what  is  being  taught  by  his  col- 
leagues or  how  it  is  being  done  ? 

A  thorough  study  of  the  work  of  students  after  graduation, 
especially  as  to  what  studies  and  development  will  best  fit 
them  to  be  of  service,  to  think  straight,  to  live,  should  prove 
of  the  greatest  value  in  suiting  the  education  to  the  many  and 
giving  greater  opportunities  to  the  few  who  have  proved  and 
they  will  benefit  by  it. 

A  most  promising  way  of  cooperating  was  started  recently 
by  Dean  Sackett  of  Pennsylvania  State  College,  who  invited 
representatives  of  several  concerns,  which  employ  engineer- 
ing graduates  in  considerable  numbers,  to  an  ' '  across-the- 
table"  conference  on  education  for  future  usefulness.  The 
interest  of  the  utilities  and  industrj^  generally  in  such  co- 
operation was  evidenced  by  the  alacrity  with  which  they 
accepted  and  participated  in  the  heart-to-heart  discussions, 
and  the  writer  for  one  will  appreciate  being  included  in  any 
further  conferences  of  this  kind. 
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Among  other  matters  in  which  cooperation  should  prove 
of  value,  a  study  of  the  work  engineering  graduates  do  after 
graduation  is  suggested.  Each  engineering  school  would  itself 
benefit  by  undertaking  such  a  study  of  the  work  of  its  own 
graduates  and  the  Society  for  the  Promotion  of  Engineering 
Education  could  properly  undertake  the  correlation  of  the 
separate  studies  and  obtain  or  aid  in  obtaining  the  cooperation 
of  men  in  industry. 

As  engineering  graduates  find  work  in  many  localities  and 
in  diverse  employment  and  as  conditions  are  continually 
changing,  the  studies  should  be  continuous  and  made  under 
a  general  plan  for  the  gathering  of  data,  making  analyses, 
and  distribution  of  the  results. 

With  such  information  and  results  available,  it  would  be 
possible  to  plan  with  foresight  for  the  education  of  young 
men  in  engineering. 

As  an  illustration  of  one  phase  of  study  of  the  work  of 
engineering  graduates,  alumni  directories  of  three  engineer- 
ing schools  were  obtained  about  a  year  ago,  which  gave  suffi- 
cient information  to  maJve  the  following  classification  of  their 
graduates  according  to  their  employment. 

The  statistics  for  three  schools  only  naturally  do  not  give  a 
general  representation  for  all  engineering  schools,  but  they  do 
give  a  definite  impression  that  a  relative  large  number  of 
engineering  graduates  are  employed  in  industry  and  with 
business  concerns  and  that  relatively  few  are  engaged  in  engi- 
neering work  in  an  indi\ddual  capacity.  "We  should  not 
reason  from  this  that  it  is  wrong  to  direct  the  education  of 
engineering  students  toward  the  highest  professional  attain- 
ments, but  on  the  other  hand  the  future  of  the  great  majority 
of  them  depends  upon  the  education  being  suited  to  their  needs, 
their  capacity,  and  their  future  work.  Herein  lies  the  value 
of  knowing  the  work  students  will  be  called  upon  to  do,  and 
a  knowledge  of  utility  work  will  enable  teachei"S  and  students 
to  plan  and  develop  with  foresight  and  confidence. 

Each  engineering  school  could  without  extraordinarv  effort 

y  ' 

classify  its  graduates  by  emplojinent,  and  in  so  doing  get  the 
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Classification  of   Employment  of  the  Graduates  of  Engineering 

School — ^A. 
Compiled  from  Bulletin  of  1917-1918. 

No.  of  Graduates  Percentage 

in  Each  Class.  of  Total. 

With  operating  organization   (public  utilities)...       377  19.35 

With  operating  organizations  (not  public  utilities)       309  15.86 

With  manufacturing  organizations    269  13.81 

With  constructing  and  contracting  organizations.  .       116  5.95 

Total  with  organizations    1,071  54.97 

Teachers   102  5.24 

In  municipal  service   91  4.67 

In  government  service   (army  and  navy) 294  15.09 

Total  in  public  service  (government) 484  25.00 

In  operation,  individual   49  ,   2.52 

Individual  contractors    18  0.92 

Individual  consulting  engineers    17  0.87 

Technical    experts    21  1.09 

Total  individual  105  5.40 

Not  in  above  classes   285  14.64 

Total  1,948  100.00 

Classification  of   Employment  of  the  Graduates   of  Engineering 

School — B. 
Compiled  from  Alumni  Directory  of  1918. 

No.  of  Graduates  Percentage 

in  Each  Class.  of  Total. 

With  operating  organizations   (public  utilities)    .  .   151  17.98 

With  operating  organizations  (not  public  utilities).  178  21.22 

With  manufacturing  organizations   186  22.18 

With  constructing  and  contracting  organizations  .  .     36  4.29 

Total   with   organizations    551  65.67 

Teachers    33  3.93 

In  municipal  service 17  2.02 

In  government  service  (army  and  navy)    144  17.16 

Total  in  public  service  (government)    194  23.12 

In   operations,   individual    10  1.19 

Individual  contractors   5  .6 

Individual  consulting   engineers    12  1.43 

Technical  experts   8  .95 

Total  individual    ; "35  4.17 

Not  in  above  classes 59  7.04 

Total    839  1 00.00 
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Classification   of   Employment  of  the  Graduates   of  Engineering 

School — C. 

Compiled  from  Bulletin  of  June,  1918. 

No.  of  Graduates         Percentage 
In  Each  Class  of  Total. 

With  operating  organizations  (public  utilities)  ...  .  132  16.73 

With  operating  organizations  (not  public  utilities).  213  27.00 

With  manufacturing  organizations 55  6.98 

With  constructing  and  contracting  organizations.  .  17  2.15 

Total  with  organizations   417  52.86 

Teachers    30  3.80 

In  municipal  service    24  3.04 

In  government  service   (army  and  navy)    138  17.49 

Total  in  public  service   (government) 172  24.33 

In   operations,  individual    15  1.90 

Individual    contractors    5  0.63 

Individual   consulting  engineers    13  1.65 

Technical  experts    7  0.88 

Total  individual    '^0  5^06 

Not  in  above  classes 140  17.75 

Total    789  lOO^ 

])enefit  of  the  study  through  having  attention  focused  on  the 
work  of  the  graduate,  and  when  the  individual  statistics  are 
compiled  and  analj'zed,  be  in  a  position  to  make  valuable 
comparisons  and  deductions.  It  is  assumed  that  engineering 
teachers  generally  know  about  engineering  work  which  is 
going  on  and  about  business  usually  at  secondhand,  and 
usually  do  not  have  the  benefit  of  the  development  that  comes 
through  the  actual  doing  of  engineering  work;  and  it  is  be- 
lieved that  no  one  really  knows  quite  so  well  had  to  do  any- 
thing as  the  one  who  has  just  done  it  well. 

Business  requires  continuous  and  at  times  daily  marshall- 
ing of  facts,  relations,  and  motives,  a  constant  .study  of  situ- 
ations and,  besides,  prevision  and  even  definite  action  con- 
siderably in  advance  of  the  march  of  events.  Thus  conditions 
not  theories  confront  the  business  man,  and  the  engineer. 

Utilities  and  businesses  generally  are  founded  on  sound 
economic  and  social  ideas  and  ideals  on  which,  in  a  large 
measure,  their  growth  and  success  depends.     Many  of  these 
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ideas  and  ideals  are  hardly  known  outside  of  the  organization 
thougii  they  may  have  been  published.  To  illustrate  may  I 
not  draw  on  the  experience  of  the  Doherty  Organization  which 
has  benefitted  so  much  by  the  ideas  of  Mr.  Doherty.  For  ex- 
ample, he  originated  and  developed  the  only  really  equitable 
and  satisfactory  idea  for  charging  of  utility  service — the 
"three-part"  or  ''Doherty  Eate,"  which  consists  of  a  cus- 
tomer charge,  a  demand  charge,  and  a  quantity  charge.  With 
considerable  reason  it  has  been  claimed  that  the  fundamental 
idea  in  this  rate,  "ohich  has  been  largely  introduced  into 
electricity  supply  service,  has  proved  the  salvation  of  the 
central  electric  station  business,  and  it  is  now  looked  to  as  a 
most  potent  factor  in  saving  the  gas  business  which  is  in 
eminent  danger  o\^ing  to  the  increasing  of  operating  cost  out 
of  aU  proportion  to  income.  Though  the  Doherty  Rate  was 
published  twenty  years  ago  it  has  not  been  generally  intro- 
duced in  the  gas  business,  but  now  the  necessity  for  it  is  being 
realized. 

Recently  the  three-part  rate  for  naturaT  gas  has  been  intro- 
duced in  Ottawa.  Kansas,  using  a  demand  limiting  meter  with 
so  much  success  that  it  promises  to  be  the  solution  of  the 
natural  gas  problem  because,  to  quote  from  a  paper  by  Mr. 
Doherty  "Service  and  Conservation  Under  the  Three-Part 
Rate"'  for  the  Fifteenth  Annual  ^Meeting  of  the  Natural  Gas 
Association  of  America: 

''The  Three-Part  Rate  by  its  very  nature  accomplishes  the 
following : 

•'First.  Guarantees  the  customer  that  amount  of  gas  for 
which  he  contracts,  for  every  hour  in  the  year,  and  makes  it 
possible  for  the  company  to  fulfill  that  guarantee. 

■'Second.  Conserves  large  amounts  of  gas  by  fLnanciall>' 
interesting  each  customer  in  adjusting  his  appliances  to  effi- 
ciently utilize  gas. 

.  '"Third.  Conserves  large  amounts  of  gas  by  reducing  the 
maximum  demands  of  the  customer  so  as  to  permit  the  com- 
pany to  supply  these  demands  with  much  lower  pressures  in 
the  distribution  mains,  thereby  reducing  the  present  leakage. 

"Fourth.  It  not  only  distributes  the  total  cost  of  gas 
service  to  the  customers  as  a  group,  but  makes  an  equitable 
distribution  of  this  cost  as  between  individual  customers. 
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."Fifth.  By  conserving  the  present  supply,  and  by  making 
the  same  service  possible  with  a  smaller  supply  of  gas,  post- 
pones the  date  when  service  must  be  curtailed  due  to  the 
decline  in  the  fields. 

"'Sixth.  Makes  possible  a  pro-rata  curtailment  of  service 
to  all  of  the  present  customers  instead  of  making  it  necessary 
to  entirely  discontinue  the  service  to  some  customers  when 
curtailment  becomes  necessary. 

"Seventh.  Does  aAvay  with  the  present  discrimination  on 
cold  mornings  whereby  those  customers  nearest  the  supply 
lines  use  wasteful  amounts  while  other  customers  do  without 
any  aras. 

Eighth.  Permits  the  company  to  know  for  months  in  ad- 
vance the  maximum  amount  of  gas  it  can  be  called  upon  to 
supply  in  any  peak  hour. 

"Ninth.  Puts  a  premium  on  the  manufacture  and  use  of 
eflEicient  devices  and  holds  out  a  prize  for  the  invention  of 
devices  using  small  or  maximum  demands. 

"Tenth.  [Makes  a  better  credit  risk  of  any  company  which 
adopts  it  in  place  of  a  straight  meter  rate." 

To  conclude,  it  is  believed  that  the  cooperation  between 
engineering  schools  and  the  utilities  should  prove  extremely 
valuable  to  both. 

Each  would  benefit  by  learning  more  about  the  other. 

The  utilities  would  secure  a  better  selection  of  engineering 
graduates  better  suited  to  their  work. 

The  engineering  schools  would  be  enabled  to  keep  better  in 
touch  with  the  work  of  utilities ;  its  progress  and  its  trend. 

The  engineering  schools  could  probably  arrange  for  utilities 
information  service,  say  from  the  National  Electric  Light 
Association,  which  would  be  up  to  date  and  through  a  study 
of  which  engineering  graduates  would  know  about  the  work 
before  they  undertook  it. 

Engineering  educators  would  be  able  to  plan  and  carry  out 
educational  programs  with  foreknowledge  of  the  effect  on 
the  work  of  students  following  graduation. 

Joint  specifications  for  engineering  graduates  could  be 
perfected  outliningr  clearly  what  qualities  and  knowledge 
graduates  need,  and  also  how  they  should  be  educated. 

"Liaison"  officers  mieht  be  necessary  to  coordinate  the  work 
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developed  under  cooperation,  and  it  may  not  be  amiss  to  sug- 
gest such  officers  for  coordinating  the  work  within  the  engi- 
neering schools. 

Engineering  schools  might  estahlish  personnel  officers  or 
personnel  departments,  similar  to  those  common  in  the  in- 
dustries, whose  main  duties  would  be  to  develop  character 
and  personality  of  students,  thus  insuring  that  the  engineers 
of  the  future  will  be  most  effective  men. 

Discussion. 

A.  H.  Fuller:  In  his  interesting  paper  on  cooperation,  Mr. 
Coler  has  acknowledged  a  responsibility  on  the  part  of  the 
industries  to  tell  the  colleges  what  kind  of  men  are  needed  in 
the  industries.  Dean  Shaw  has  followed  this  with  a  care- 
fully worded  and  altogether  excellent  specification  which  the 
colleges  may  or  may  not  be  able  to  fill  within  the  limitations 
of  time  and  material  at  their  command. 

Mr.  Coler  follows  his  statement  with  the  suggestion  that 
the  colleges  make  more  exacting  specifications  for  high  school 
preparation  than  is  now  being  made. 

I  wonder  if  he  does  not  lose  sight  of  the  fact  that  we,  as 
college  men,  recognize  that  college  domination  of  high  school 
work  has  already  gone  too  far.  Wouldn't  the  spirit  of  co- 
operation be  more  effectively  carried  out  if  the  industries 
would  furnish,  along  with  the  specifications,  rather  definite 
information  concerning  the  perfoi*mance  of  the  college  men 
in  their  employ.  Then  why  not  use  this  information  and  the 
specifications  as  a  basis  for  getting  together  in  a  true  spirit 
of  cooperation. 

H.  B.  Shaw:  One  of  my  suggestions  was  that  each  engi- 
neering school  should,  with  the  aid  of  its  alumni,  study  the 
work  of  its  graduates,  and  as  an  illustration,  classification  of 
engineering  graduates  by  employment  was  given. 

Those  who  employ  engineering  graduates  will  no  doubt  be 
glad  to  cooperate  in  the  way  suggested  by  Dean  Fuller,  if 
they  are  informed  as  to  how  they  can  furnish  "rather  defi- 
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nite  information  concerning  the  performances  of  the  college 
man  in  other  employ." 

Henri'  L.  Doherty  &  Company's  specifications  for  technical 
graduates  are  directed  particularly  at  those  ' '  performances 
which  were  detrimental  to  the  graduates  in  our  employ  and 
retarded  their  advancement.  These  specifications  attempted 
to  outline  qualities  and  characteristics  of  graduates  which 
would  prove  most  valuable,  and  they  resulted  almost  entirely 
from  observing  qualities  which  engineering  graduates  com- 
ing under  our  observation,  generally  lack. 

Employees  find  it  peculiarly  difficult  to  form  judgments 
of  engineering  graduates  in  the  early  years  of  employment 
for  it  usually  takes  considerable  time  for  the  graduate  to 
find  himself,  to  get  the  requisite  knowledge  of  the  business, 
and  then  to  specialize  in  that  phase  of  the  business  for  which 
he  is  best  adapted.  In  many  cases  graduates  with  us  have 
failed  to  perform  acceptably  in  several  assignments  before 
they  were  assigned  to  work  in  which  they  proved  themselves 
valuable. 

I  really  believe  the  study  of  the  work  of  graduates  with 
the  industries  should  be  undertaken  by  the  engineering  schools 
and  that  the  engineering  schools  should  accordingly  have 
the  cooperation  of  their  alumni  in  making  such  studies  and 
they  can  easily  secure  the  cooperation  of  such  concerns  as 
regularly  employ  engineering  graduates. 


INTERDEPARTMENTAL  COORDINATION. 
BY  GAEDNER  C.  ANTHONY, 

Dean,  Engineering  School,  Tufts  College. 

When  we  shall  come  to  understand  the  true  function  of  edu- 
cation and  properly  relate  the  teaching  of  engineering  facts 
to  the  development  of  men,  we  shall  realize  the  present  in- 
adequacy of  independent  departmental  instruction  which  is 
largely  an  inheritance  from  the  academic  colleges. 

The  demand  which  is  now  being  made  on  the  engineering 
schools  by  the  commercial  and  engineering  world  is  most  sig- 
nificant in  that  little  or  no  stress  is  laid  on  training  along 
special  lines,  the  question  of  departmental  training  being 
quite  generally  ignored  in  the  selection  of  men. 

If  these  statements  are  true,  even  in  part,  we  cannot  greatly 
improve  our  work  as  educators  by  greater  refinement  in  the 
development  of  specialties,  technique,  or  laboratory  appa- 
ratus, but  must  strive  to  unite  our  faculties  for  the  better  co- 
ordination of  our  courses  and  a  more  systematic  studj^  of  the 
individual  characteristics  of  our  students. 

I  believe  that  no  engineering  faculty  or  individual  would 
acknowledge  a  disbelief  in,  or  failure  to  encourage  greater 
coordination  between  departments,  but  I  suspect  that  many 
of  our  ideas  as  to  the  ways  and  means  of  accomplishing  the 
desired  ends  are  crude,  and  we  must  admit  that  in  general, 
progress  has  been  ridiculoush'  slow. 

The  correlation  of  closely  related  courses  such  as  mathe- 
matics and  mechanics  are  presumably  quite  common,  and  in 
cooperative  schools  the  work  of  the  coordinator  is  accomplish- 
ing much  to  weld  the  several  units  of  a  technical  school,  but 
the  spirit  of  this  has  not  entered  largely  into  the  work  of  the 
individual  who  is  usually  much  more  interested  in  the  teach- 
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ing  of  his  subject  than  in  the  mental  and  character  training 
of  his  pupil,  "We  all  are  more  or  less  guilty  of  magnifying 
the  means  rather  than  the  ends  of  our  labor. 

The  importance  of  this  subject  has  been  brought  to  my  no- 
tice most  emphatically  in  the  working  out  of  the  new  curricu- 
lum at  Tufts,  by  reason  of  the  composite  character  of  the 
courses.  The  curriculum  has  necessitated  a  better  under- 
standing of  the  work  of  the  individual  instructors  whose  in- 
struction is  so  closely  related,  and  has  served  as  a  check  to 
the  tendency  of  subdividing  subject  matter  which  in  recent 
years  has  belittled  the  importance  of  fundamentals. 

Even  the  phraseology  of  instructors  in  related  courses  may 
be  a  not  uncommon  cause  of  delay  in  the  progress  of  students 
an  excellent  illustration  of  which  came  to  my  notice  a  few 
days  ago  on  the  occasion  of  a  conference  between  departments 
for  determining  the  character  of  a  new  course  in  physics  for 
junior  engineers. 

The  professor  of  phj'sics  was  speaking  of  the  difficulty 
which  he  had  experienced  in  getting  students  who  were  able 
to  plot  y  sin  x  curves  to  also  plot  sine  curves  of  different 
period,  phase  and  amplitude,  and  he  remarked  that  they 
seemed  not  to  have  heard  of  such  a  thing.  The  professor  of 
mathematics  replied:  "If  you  had  used  the  term  'modified 
graphs,'  the  students  would  have  recalled  being  taught  to  do 
the  very  thing  which  you  desired  to  have  done,"  and.  he 
added,  "I  wish  that  men  of  the  faculty  knew  what  we  were 
teaching  or  else  give  us  their  version  of  equivalent  things." 
This,  in  itself,  was  a  small  matter  but  very  significant  as  re- 
gards the  importance  of  cooperative  work. 

Until  one  has  made  a  practice  of  cooperating  with  the  sev- 
eral departments  which  afford  any  points  of  contact  with  his 
own,  and  persuaded  them  to  create  more  points  of  contact,  he 
fails  to  realize  the  opportunities  for  broadening  his  own. 

The  work  of  a  coordinator  may  cure  some  of  these  evils  and 
effect  a  greater  solidarity  of  departments,  but  the  real  work 
must  be  done  by  creating  more  of  an  individual  interest  on 
the  part  of  members  of  the  faculty  in  the  work  of  their  asso- 
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ciates  in  other  departmeuts.-  The  practice  of  visiting  classes, 
not  for  a  single  recitation,  but  for  a  considerable  number,  is 
most  beneficial,  and  while  I  realize  the  difficulties  due  to  pro- 
gram interferences  and  excessive  programs,  is  that  not  a 
question  of  administration  which  demands  immediate  at- 
tention. 

This  suggests  too  the  division  of  responsibility  between  the 
heads  of  departments  and  within  the  departments  themselves. 
To  what  extent  do  you  the  heads  of  departments  assume  the 
responsibility  for  the  training  of  teachers,  especially  those 
who  have  been  called  from  the  practice  of  engineering  to 
teach  for  the  first  time  ?  Do  you  know  the  value  of  subordi- 
nates as  teachers  irrespective  of  their  knowledge  of  the  sub- 
ject taught  ?  Do  you  supervise  the  examinations  given  in  the 
several  courses  which  serve,  in  a  greater  degree  as  a  test  for 
the  teacher  than  for  the  pupil? 

I  firmly  believe  that  comparatively  little  has  been  done  to- 
ward accomplishing  the  above  ends  and  for  two  very  good  rea- 
sons. First,  because  of  heavy  programs  which  are  frequently 
accompanied  by  outside  engineering  practice ;  second,  because 
of  the  undue  stress  laid  on  the  subject  taught. 

Perhaps  the  work  of  supreme  importance — and  difficult  of 
realization  because  it  requires  the  most  expert  judgment — is  to 
correctly  diagnose  the  mental  difficulties  and  bad  intellectual 
habits  on  the  part  of  students.  The  highest  qualification  pos- 
sessed by  any  teacher  is  the  ability  to  accomplish  this  end  and 
beside  which  the  lecture,  recitation,  and  laboratory  as  means 
for  dispensing  technical  information  is  of  secondary  impor- 
tance. In  this,  more  than  in  all  else,  we  need  to  know  the  ex- 
perience and  methods  of  our  associates  and  cooperate  with 
them  in  the  discussion  of  student  cases  and  character  studies. 

I  realize  that  these  statements  are  generalizations  and  the 
criticism  not  of  a  constructive  character,  but  it  is  my  intention 
to  do  little  more  at  this  time  than  to  sound  the  note  of  inter- 
departmental coordination  and  cooperation  in  the  hope  that 
something  constructive  may  arise  from  sympathetic  con- 
sideration. 


AN  EXPERIMENT  IN  THE  TEACHING  OF 
CALCULUS. 

BY  E.  F.  CODDINGTON, 
Professor  of  Mechanics.  The  Ohio  State  University. 

The  writer  has  for  some  time  entertained  the  idea  that  the 
mathematics  taught  during  the  first  two  years  of  our  engineer- 
ing curricula,  especially  the  calculus,  means  very  little  to  the 
engineering  student.  The  main  reason  for  this  fact  is  the  in- 
ability of  the  average  student  to  comprehend  the  mathemat- 
ical conceptions  as  they  are  ordinarily  presented  to  him.  Too 
often  all  the  student  succeeds  in  learning  is  how  to  perform 
the  mechanical  manipulation  of  the  operation  involved,  with- 
out gaining  any  comprehension  whatever  of  its  meaning. 
Then,  when  he  attempts  to  apply  this  fundamental  mathe- 
matics to  his  special  technical  work,  he  is  more  or  less  help- 
less and  bewildered  and  consequently  does  not  succeed  with 
it.  The  effect  of  this  procedure  is  cumulative  during  the  four 
or  more  years  of  an  engineering  curriculum.  In  the  first 
place,  the  student  soon  acquires  the  idea  that  he  can  not  under- 
stand any  of  his  work  and  soon  gives  up  trying;  he  becomes 
satisfied  with  carrying  out  mechanically  the  details  of  the 
work  assigned  by  the  instructor,  without  any  attempt  to 
analyze  and  obtain  a  mental  grasp  of  the  subject  with  which 
he  is  dealing.  This  does  not  inspire  the  student  with  the 
proper  interest  and  enthusiasm  towards  his  work;  it  tends  to 
make  him  slipshod  and  careless  in  habit.  The  results  are  just 
the  opposite  in  every  respect  from  what  they  are  intended 
to  be. 

In  order  to  determine  how  much  truth  there  is  in  the  above 
analysis  of  the  situation  the  author  tried,  during  the  past  year, 
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in  teaching  calculus  to  a  class  of  sophomore  engineers.    I  be- 
lieve I  have  obtained  some  encouraging  results : 

The  Introduction  to  Calculus. 

The  introduction  was  quite  informal  and  unconventional. 
At  the  first  meeting  of  the  class  the  following  problem  was 
discussed : 

A  square  whose  side  is  10  inches  in  length  was  given  and  the 
class  was  asked  to  compute  the  increase  of  area  as  each  side  is 
increased  to  11  inches  in  length ;  also  the  ratio  of  the  increase 
of  area  to  the  increase  in  length  of  the  side.  The  same  opera- 
tion was  repeated  for  an  increase  in  length  of  0.1  inch,  .01 
inch  and  .001  inch.  It  was  soon  apparent  to  the  class  that 
this  ratio  approached  the  number  20  as  the  increase  in  length 
of  the  sides  approached  zero.  Attention  was  then  directed  to 
the  fact  that  what  had  been  computed  was  the  rate  of  increase 
of  the  area  of  the  square  with  respect  to  the  rate  of  increase 
in  length  of  the  side  of  the  square.  In  order  to  show  that  this 
rate  of  increase  depends  upon  the  length  of  the  side  a  larger 
square  was  taken  and  the  same  operations  repeated. 

The  problem  was  next  generalized  by  letting  x  be  the  length 
of  the  side,  Ax  the  increase  in  length  of  the  side,  A  the  area 
and  AA  the  increase  of  the  area.  The  class  experienced  no 
difficulty  in  deriving  the  equation 

AJ       ^     , 

-—  =  2.r  +  A.r, 
A.r 

which  becomes,  when  Lx  approaches  zero  as  a  limit 

dx 

The  significance  of  this  equation  should  be  illustrated  by 
citing  examples  of  squares  growing  by  receiving  additions  on 
two  sides  at  a  constant  rate. 

A  city  whose  boundary  is  a  square  each  side  of  which  has 
the  length  x  ft.,  has  a  strip  of  land  50  ft.  wide  added  to  two 
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sides  of  it  each  j'ear ;  show  that  the  rate  of  increase  of  area  of 
the  city  varies  directly  as  jc. 

The  following  problem  was  assigned  to  be  solved  and  handed 
in  at  the  second  recitation.  Given  a  circle  with  radius  "r" 
and  area  A;  to  derive  and  interpret  the  expression  for 
dA/dr. 

The  members  of  the  class  discovered  that  r-  in  the  second 
problem  received  the  same  treatment  as  x-  in  the  first  and  that 
the  sole  difference  between  the  two  problems  was  that  in  the 
second  problem  -n-  was  carried  through  as  a  multiplier. 

For  the  third  day  an  equilateral  triangle  with  length  of 
side  X  and  area  A  with  A  =  Vf-^"  was  assigned  and  the  class 
was  directed  to  derive  dA/dx  by  the  rule  discovered  from  the 
previous  problems  and  to  show  that  from  geometry 

V3/2X^^ 

is  the  principal  term  in  the  expression  for  A.-i. 

The  number  of  such  problems  in  area  can  be  extended  in- 
definitely by  taking  the  regular  polygons. 

In  this  way,  the  rule  for  differentiating  a  variable  raised  to 
the  second  power  was  derived  and  the  meaning  of  differentia- 
tion was  illustrated. 

On  the  following  days,  volumes  of  cubes  and  spheres  were 
used  to  derive  the  rule  for  differentiating  the  third  power  of 
a  variable  and  again  to  illustrate  the  meaning  of  differen- 
tiation. 

Xo  attempt  was  made  to  define  functions,  variables,  limits, 
etc.,  until  these  terms  had  been  illustrated  by  the  simple  geo- 
metrical problems  already  mentioned.  As  soon  as  the  stu- 
dents had  been  made  familiar  with  dependent  and  independ- 
ent variables  by  these  examples,  the  derivative  was  defined  as 
the  rate  of  increase  of  the  value  of  the  dependent  variable 
with  respect  to  that  of  the  independent  variable. 

No  attempt  was  made  at  any  given  recitation  to  drive  this 
definition  home,  but  its  meaning  was  emphasized  and  amplified 
by  a  discussion  of  an  assigned  illustrative  problem  at  each 
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meeting  of  the  class.  As  soon  as  problems  involving  decreas- 
ing functions  were  taken  up,  attention  was  directed  to  the 
fact  that  the  derivative  is  positive  for  values  of  the  independ- 
ent variable  for  which  the  function  is  increasing  and  is  nega- 
tive when  the  function  is  decreasing.  At  this  point  the  con- 
ditions for  maximum  and  minimum  values  of  a  function  were 
discussed. 

The  main  effort  on  the  part  of  the  instructor  during  the 
first  half  of  the  semester  was  intended  to  make  clear  the  mean- 
ing of  the  few  new  terms  which  are  generally  discussed  in  the 
first  chapters  of  the  textbooks  on  calculus.  No  attempt  was 
made  at  rigorous  demonstration,  but  every  attempt  was  made 
to  have  the  student  gradually  acquire  a  comprehension  of  the 
meaning  of  the  operation  of  dmerentiation. 

In  order  to  accomplish  the  end  just  described  methods  were 
introduced  which  I  do  not  believe  are  commonly  used.  These 
methods  are  as  .follows : 

1.  The  use  of  an  illustrative  problem  at  each  recitation. 

2.  A  correlation  between  the  calculus  and  physics,  the  two  sub- 

jects being  pursued  concurrently. 

3.  The  requirement  that  all  assigned  problems  be  solved  on 

standard  size  paper  and  handed  in  to  be  graded. 

4.  The  distribution  of  the  assignment  for  each  day  over  as 

many  topics  as  problems  assigned. 

Illustratrt:  Problems. 

Allusion  has  already  been  made  of  the  use  of  illustrative 
problems  to  make  clear  the  meaning  of  differentiation.  I 
started  the  year's  work  with  the  idea  of  assigning  one  such 
problem  for  each  recitation.  Simple  geometric  problems  in- 
volving areas  and  volumes  were  used  in  the  beginning.  By 
the  time  the  students  could  handle  these  subjects  with  some 
facility  the  subject  of  motion  had  been  taken  up  by  them  in 
physics.  After  the  first  two  or  three  weeks  no  difficulty  was 
experienced  in  finding  practical  problems  in  the  textbook — 
Osborne's— to  use  as  illustrations. 
15 
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At  each  recitation  the  illustrative  problem  was  analyzed 
and  the  meaning  and  significance  of  the  derivative  in  its  solu- 
tion was  brought  out.  Take,  for  example,  the  following  prob- 
lem of  a  body  projected  vertically  upwards  with  an  initial 
velocity  of  100  ft.  per  second.  Neglecting  the  resistance  of  the 
air  the  equation  of  its  position  with  respect  to  the  time  is 

qf- 

y  =  \mt  -  ^  . 

Differentiating  we  derive 

Analyzing  the  derived  equation,  we  find  that  y  is  an  increas- 
ing quantity  for  values  of  t  less  than  V)0/g,  constant  when  i 
equals  100/^7,  and  decreasing  when  t  is  greater  than  110  'gr. 
Also,  the  magnitude  of  dy/dt  for  different  values  of  t  indicates 
the  rate  of  increase  or  decrease  of  y  with  respect  to  t  at  the 
corresponding  times. 

Problems  of  this  kind  lead  directly  and  naturally  to  prob- 
lems of  maximum  and  minimum  values. 

At  each  recitation  members  of  the  class  were  called  upon  to 
explain  and  discuss  the  problems  assigned  to  be  handed  in  at 
that  time.  The  writer  believes  this  daily  assignment  of  an 
illustrative  problem  with  the  rather  complete  discussion  of  it 
in  the  class-room  enabled  the  students  to  obtain  a  better  com- 
prehension of  calculus.  Since  these  problems  required  the 
differentiation  of  several  kinds  of  functions,  the  students  were 
easilj'  convinced  that  it  was  worth  while  to  learn  to  differen- 
tiate all  types  of  functions  in  order  to  be  able  to  handle  the 
particular  type  involved  in  any  given  problem.  The  students 
were  thus  led  to  solve  problems  in  formal  differentiation  with 
more  interest  and  enthusiasm  than  is  usually  manifested  by 
students  of  calculus.  Furthermore,  the  significance  and  mean- 
ing of  differentiation  in  these  formal  problems  was  also  dis- 
cussed and  often  but  not  always  illustrated  by  diagram.  I 
should  state  at  this  time  that  the  slope  definition  of  a  deriva- 
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tive  was  kept  in  the  back-ground  in  the  beginning.  This  idea 
of  the  derivative  came,  however,  very  easily  and  naturally 
when  applications  involving  it  were  taken  up. 

Correlation  of  Calculus  and  Physics. 

The  correlation  which  was  effected  between  these  subjects 
was  brought  about  hy  an  exchange  of  visitations  between  Pro- 
fessor Alpheus  W.  Smith,  of  the  department  of  physics,  and 
the  writer.  Each  of  us  had  essentially  the  same  group  of  stu- 
dents in  our  respective  classes.  During  the  first  semester  I 
visited  his  recitations  two  or  three  times  each  week  and  he  in 
turn  visited  mine  an  equal  number  of  times.  This  arrange- 
ment enabled  each  of  us  to  know  exactly  what  topics  were  be- 
ing covered  in  the  related  subject  from  day  to  day,  and  just 
what  progress  had  been  made  by  the  class  in  that  subject  at 
any  given  time. 

I  was  able,  consequently,  quite  early  in  the  semester,  to  se- 
lect problems  from  topics  already  covered  in  the  physics  to 
illustrate  the  calculus.  As  has  already  been  mentioned,  prob- 
lems in  motion  involving  velocities  and  accelerations  were 
taken  up  in  the  calculus  as  soon  as  these  topics  had  been 
studied  in  the  physics.  In  this  way  the  students  were 
strengthened  in  both  subjects.  The  schedule  in  calculus  was 
so  adjusted  during  the  early  part  of  the  year  that  calculus 
methods  could  be  used  in  the  development  of  certain  topics  in 
physics.  For  example,  the  rule  for  differentiating  the  trigo- 
nometric functions  were  taken  up  earh'  in  order  that  the 
methods  of  calculus  could  be  used  in  the  treatment  of  simple 
harmonic  motion. 

Professor  Smith  says  that  the  presentation  of  simple  har- 
monic motion  under  the  arrangement  just  described  was  a 
decided  improvement  over  the  treatment  ordinarily  used.  I 
am  confident  that  the  members  of  the  class  have  a  better 
understanding  of  calculus,  a  keener  appreciation  of  its  sig- 
nificance as  a  tool  in  the  solution  of  real  practical  engineering 
problems,  and  consequently  a  deeper  interest  in  it  as  a  result 
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of  the  cooperation  between  Professor  Smith  and  myself.  This 
application  of  calculus  to  the  solution  of  problems  in  physics, 
coming  within  the  first  month  of  the  semester,  was,  therefore, 
quite  a  motivating  factor  in  inspiring  interest  in  and  en- 
thusiasm for  both  calculus  and  physics. 

Though  Professor  Smith  and  I  did  not  find  it  convenient 
to  continue  the  exchange  of  visitations  during  the  second  se- 
mester. AVe  did  hold  several  conferences  concerning  the  prog- 
ress of  the  students.  As  a  result  of  these  conferences  and  the 
familiarity  gained  by  the  visits  of  the  first  semester,  Pro- 
fessor Smith  made  a  much  larger  use  of  calculus  in  his  treat- 
ment of  elementary  electricity  than  he  had  in  previous  years. 
In  fact,  he  did  not  hesitate  to  make  free  use  of  calculus  with 
the  class  during  the  second  semester,  wherever  it  could  be 
used.  ^Members  of  the  class  reported  back  to  me  that  the  appli- 
cations of  calculus  in  their  physics  were  quite  simple  in  com- 
parison to  those  taken  up  in  the  calculus  recitations. 

This  testimony'  from  members  of  the  class  raises  the  ques- 
tion as  to  the  relative  efficiency  of  motivation  by  the  methods 
used  by  Professor  Smith  and  me  as  compared  with  methods 
used  in  the  Engineer  School  at  Camp  Humphreys  and  de- 
scribed by  Dr.  C.  R.  Mann.  The  objection  to  the  latter  method 
is  that  the  fundamental  sciences  are  taken  up  in  a  piecemeal 
fashion  as  they  are  needed  to  solve  specific  engineering  prob- 
lems. Since  the  applications  of  physics  and  calculus  in  the 
solution  of  these  problems  are  likely  to  be  quite  simple,  the 
students  are  not  likely  to  acquire  much  facility  in  the  use  of 
these  subjects  outside  of  the  particular  type  of  problems.  A 
much  more  complete  and  thorough  mastery  of  these  subjects 
is  likely  to  be  acquired  when  they  are  studied  for  their  own 
sake,  using  simple  problems  drawn  from  the  students'  ex- 
perience to  excite  interest  in  them. 

All  Assigned  AYork  to  be  Handed  In. 

In  the  first  place,  it  was  assumed  that  in  order  for  the  stu- 
dent to  make  any  real  progress  in  calculus,  he  must  consist- 
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ently  work  at  it  from  daj^  to  day  throughout  the  entire  year. 
To  bring  about  this  result  I  introduced  the  requirement  of 
having  the  students  work  out  and  hand  in  four  assigned  prob- 
lems each  day.  No  additional  work  was  required.  At  first,  I 
experienced  quite  a  little  difficulty  in  persuading  some  of  the 
students  that  it  was  to  their  interests  to  do  the  work  assigned 
them.  They  had  not  been  given  such  treatment  during  the 
first  year  and  why  should  they  be  so  persecuted  during  their 
second  year.  While  some  members  of  the  class  willingly  did 
the  work  assigned  to  them,  others  stated  that  they  could  not 
find  the  time  to  do  it.  About  the  middle  of  the  semester,  in 
order  to  determine  if  I  was  making  the  assignments  too 
heavy,  I  decided  to  have  them  record  on  their  problem  sheets, 
the  time  spent  on  the  daily  assignment.  This  requirement  re- 
sulted in  a  decided  increase  in  the  amount  of  work  handed  in. 
It  furnished  also  some  interesting  information  concerning  the 
amount  of  time  spent  daily  by  each  student  on  his  calculus. 
The  results  for  the  first  day  of  this  requirement  are  rather 
interesting.  Out  of  a  class  of  fifty,  eleven  turned  in  no  work 
and  accordingly  no  recorded  time  spent  on  the  assignment. 
One  of  these  eleven  presented  an  acceptable  excuse  for  not 
having  done  anything  on  the  assignment.  The  remaining 
thirty-nine  turned  in  times  ranging  from  30  minutes  to  180 
minutes.  Two  students  spent  30  minutes  each  on  the  lesson, 
one  of  whom  turned  in  all  the  assignment  correctly  done ;  the 
other  received  a  grade  of  four  out  of  a  possible  ten  on  his  30 
minutes  of  eflPort.  One  student  spent  180  minutes  and  re- 
ceived a  grade  of  seven.  No  other  student  spent  more  than  2 
hours  on  this  assignment.  The  average  time  spent  by  each 
member  of  the  class  was  68.8  minutes.  The  results  would 
seem  to  show  that  the  students  had  not  been  spending  an 
excessive  amount  of  time  on  the  assignments.  The  following 
table  is  given  to  show  the  improvement  in  the  work  done  after 
the  students  began  to  turn  in  their  time. 
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Average  Time.  Average  Grade. 

Nov.  21  No  time  recorded  49  per  cent. 

Nov.  24 68.8  min.  02  "   " 

Dec.  8  75.1  min.  74"   " 

Jan.  5  85.0  min.  69  "   " 

The  average  of  803  individual  reports  of  the  amount  of  time 
spent  on  each,  lesson,  not  counting  those  who  turned  in  no 
work,  was  96.7  .minutes.  The  daily  average  time  increased 
slightly  as  the  end  of  the  semester  approached. 

Since  the  average  daily  problem  grade  made  quite  a  jump — 
from  49  per  cent,  to  62  per  cent. — on  the  first  day  the  amount 
of  time  spent  on  the  lesson  was  required,  it  would  seem  that 
the  average  amount  of  time  spent  on  the  assignment  before 
November  24  must  have  been  considerably  less  than  68.8  min- 
utes. These  data  show  that  many  of  my  students  were  spend- 
ing very  little  time  on  my  assignments  although  they  knew  I 
was  grading  them  on  the  work  handed  in.  These  facts  would 
seem  to  indicate  that  those  instructors  who  loosely  assign 
more  or  less  indefinite  lessons  without  any  check  as  to  how 
much  is  accomplished  or  how  much  time  is  spent  on  the  daily 
a.ssignments  probably  do  not  command  a  very  consistent  effort 
on  the  part  of  their  students.  At  the  end  of  the  year  several 
of  my  students  told  me  that  my  requirement,  that  they  should 
hand  in  the  complete  assignment  each  day  was  the  largest  fac- 
tor in  the  success  of  the  year's  work. 

The  grading  of  the  problems  each  day  enabled  me  to  keep 
much  closer  to  the  progress  of  my  students  than  I  could  have 
done  had  I  depended  upon  individual  recitations  for  my  in- 
formation. It  enabled  me  also  to  make  assignments  consistent 
with  their  progress.  If  a  difficulty  was  encountered  I  discov- 
ered it  immediately  and  consequently  lost  no  time  in  clearing 
it  up  in  the  minds  of  the  students.  Additional  problems  were 
assigned  involving  the  difficulty  until  I  was  satisfied  that  all 
the  students  understood  clearly  the  point  in  question. 

During  the  first  semester  I  had  about  fifty  students  in  the 
class  and  the  time  required  to  grade  the  problems  and  record 
the  grades  amounted  to  from  30  minutes  to  60  minutes  daily. 
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The  Distribution  of  the  Daily  Assignment. 

The  object  of  distributing  the  daily  assignments  over  as 
many  topics  as  problems  assigned  was  two-fold.  First,  this 
procedure  enabled  me  to  keep  the  class  on  each  topic  long 
enough  to  present  it  leisurely  and  also  to  make  certain  that 
all  the  difficulties  of  the  topic  had  been  cleared  up  in  the  minds 
of  students  before  leaving  it.  Each  topic  was  discussed  very 
briefly  on  the  day  when  it  was  first  assigned  and  the  simplest 
problem  possible  was  selected  to  be  solved  and  handed  in  as  an 
illustration.  On  the  succeeding  day  this  would  be  put  on  the 
board  and  explained  by  some  member  of  the  class.  After  all 
questions  concerning  the  problem  had  been  answered  a  prob- 
lem slightly  more  complicated  was  assigned  for  the  following 
day.  I  generally  attempted  to  anticipate  any  unusual  diffi- 
culties of  any  assigned  problem  and  to  offer  suggestions  that 
would  enable  the  class  to  solve  it.  I  also  placed  obstacles  in 
the  way  of  the  students  just  as  fast  as  they  showed  their  abil- 
ity to  master  them.  This  procedure  was  made  possible  by  my 
grading  the  assignment  each  day. 

The  number  of  recitations  given  to  each  topic  depended 
upon  the  difficulties  involved.  No  topic  received  less  than  ten 
recitations;  to  some  of  them  a  month  was  devoted.  An  at- 
tempt was  made  to  introduce  a  new  topic  about  once  each 
week. 

By  assigning  four  problems  each  day,  three  of  them  were 
devoted  to  a  review  of  topics  with  which  the  class  was  already 
familiar.  Difficulties  would  continually  arise  with  regard  to 
the  review  problems  which  probably  would  not  have  been  sat- 
isfactorily explained  in  the  ordinary  method  of  treating  cal- 
culus. I  am  confident  this  method  of  assigning  lessons  was 
quite  beneficial  to  the  members  of  the  class. 

Eesults. 

It  is  difficult  to  find  tangible  evidence  to  measure  the  results 
of  the  vear's  work.     I  have  the  results  of  the  examination 
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which  was  given  to  the  class  at  the  end  of  the  year.  In  order 
to  eliminate  any  prejudice  which  might  make  itself  manifest 
in  a  set  of  questions  that  I  would  select  as  a  test,  I  asked  Pro- 
fessor K.  D.  Swartzel,  of  the  department  of  mathematics,  to 
set  the  examination.  As  a  result  of  this  test  I  gave  an  un- 
usual number  of  high  marks  and  a  small  number  of  average 
and  below  average  marks,  the  number  of  conditions  and  fail- 
ures being  about  normal. 

Aside  from  the  test,  however,  I  feel  confident  that  the  mem- 
bers of  the  class  have  gained  a  much  clearer  comprehension  of 
the  meaning  of  calculus  and  of  the  significance  of  the  opera- 
tions of  differentiation  and  integration  than  had  been  ac- 
quired bj-  any  class  that  I  had  ever  previously  taught.  I  feel 
also  that  they  gained  more  facility  in  making  all  kinds  of 
algebraic  and  trigonometric  transformations.  I  believe  they 
have  acquired  some  confidence  in  their  ability  to  follow, 
understandinglj',  mathematical  derivations  in  all  kinds  of 
technical  and  scientific  text-books.  Most  important  of  all  is 
the  fact  that  the  members  of  class  acquired  some  interest  in 
the  subject.  Some  of  them  even  developed  some  enthusiasm 
in  the  working  out  of  the  daily  assignments. 

I  have  the  testimony  of  Professor  Smith  that  the  members 
of  the  class  took  more  than  a  passing  interest  in  their  physics. 
This  too  was  noticed,  during  the  second  semester,  by  a  labora- 
tory instructor  who  was  not  in  direct  contact  with  the  co- 
operation arranged  between  Professor  Smith  and  myself.  The 
students  exhibited  some  desire  to  learn  some  phj'sics  rather 
than  merely  "get  by"  and  obtain  credit  for  the  course. 

The  instructor  in  drawing  states  that  the  members  of  this 
particular  class  developed  a  more  sympathetic  attitude 
towards  their  drawing  than  is  usually  the  case.  They  were  not 
so  much  inclined  to  feel  offended  when  their  drawings  were 
criticized,  but  exhibited  a  desire  to  learn  how  the  work  should 
be  done. 

In  fact,  there  seems  to  be  evidence  to  show  that  the  mem- 
bers of  this  class  acquired  an  improved  attitude  towards  all 
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of  their  work.  A  tabulation  of  all  their  credit  marks  for  the 
semester  just  ended  would  indicate  the  class  as  a  whole  stands 
above  the  averafe.  A  comparison  of  these  credit  marks  with 
the  ones  obtained  by  the  same  students  during  their  first  rear 
shows  a  slight  improvement  in  scholarship.  This  is  not  the 
usual  result  with  respect  to  the  work  done  bj-  our  students  in 
their  second  year.  Of  course,  the  real  test  of  this  year's  work 
with  these  students  depends  upon  the  quality  of  the  work  to 
be  done  by  them  during  the  remainder  of  their  course.  I  am 
awaiting  this  development  with  confidence  that  they  will 
render  a  good  account  of  themselves. 

Conclusions. 

I  believe  that  this  year's  experiment  demonstrates  that  if 
a  common,  everyday  setting  can  be  given  to  mathematics, 
physics,  chemistrA-  and  drawing,  a  setting  with  which  the  stu- 
dents are  already  familiar  and  then  if  these  subjects  are  dis- 
cussed in  the  language  used  by  the  students  in  their  every-day 
life  no  difficulty  will  be  experienced  by  the  student  of  average 
intelligence  in  learning  them.  This  is  especially  true  if  the 
student  can  be  indiTced  in  some  way  to  put  forth  some  effort 
in  trying  to  learn.  This  year's  work  demonstrates  also  that 
it  is  not  necessary  to  enter  the  domain  of  practical  engineering 
to  find  problems  and  illustrations  to  illustrate  these  funda- 
mental sciences. 

The  two  words  "comprehension  and  application"  express 
the  essentials  to  successful  learning.  Too  often  one  or  both 
of  these  ideas  are  lacking  in  the  case  of  our  engineering  stu- 
dents. I  do  not  know  that  I  have  found  the  best  way  to  intro- 
duce them,  but  I  feel  certain  that  the  teaching  of  the  funda- 
mental sciences  can  be  improved  by  approaching  them  from 
the  point  of  view  used  by  Professor  Smith  and  myself  in  ovTr 
experiment. 

The  members  of  the  S.  P.  E.  E.  may  be  interested  to  know 
that  four  instructors  at  The  Ohio  State  University  are  plan- 
ning a  similar  stud}'  with  a  group  of  second-year  civil  engi- 
neers during  the  coming  year. 
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Discussion. 

Louis  Brand:  When  Dean  Schneider  returned  from  his 
war  work  at  Washington,  he  set  on  foot  a  plan  to  have  in- 
terior as  well  as  exterior  cooperation  in  me  University  of 
Cincinnati.  To  this  end  he  organized  a  committee  composed 
of  representatives  of  the  various  engineering  departments 
and  of  physics  and  mathematics.  The  business  of  this  com- 
mittee was  to  organize  the  courses  of  the  first  two  years  so 
that  they  would  form  a  common  basis  for  engineering  in  gen- 
eral, and  to  arrange  the  courses  in  such  a  manner  that  their 
natural  points  of  contact  would  be  emphasized.  Upon  exami- 
nation of  the  curriculum,  the  committee  found  that  there 
were  two  groups  of  courses  which  could  be  extensively 
correlated;  namely,  elementary  mathematics,  statics,  and 
engineering  drawing,  in  the  first  year;  calculus,  dynamics, 
and  physics  in  the  second  year. 

As  an  example  of  the  sort  of  correlation  attempted  within 
the  first  group,  a  problem  in  statics  may  be  reduced  to  the 
solution  of  triangles,  and  also  solved  graphically  in  a  drawing 
plate.  Again,  the  stresses  in  a  derrick  may  be  determined 
anahiiieally  or  by  the  methods  of  descriptive  geometry. 

I  think  the  correlations  within  the  second  group  are  suf- 
ficiently obvious.  As  examples  I  might  cite  the  treatment  of 
•the  laws  of  reflection  and  refraction,  and  the  angle  of  mini- 
mum deviation  of  a  prism,  as  problems  in  extremes  in  the 
calculus. 

C.  S.  Howe:  I  do  not  wish  to  add  to  the  discussion.  May 
I  ask  a  question?  I  have  been  very  much  interested  in  this 
paper  of  Professor  Coddington's  and  I  am  going  to  say  that 
some  similar  experiments  are  carried  on  in  my  institution, 
though  not  being  carried  on  in  my  department.  I  understand 
Professor  Coddington  has  assumed  in  this  work  that  each 
student  turns  in  an  accurate  statement  of  time  spent  in  the 
work.  And  he  also  assumes  that  each  student  did  the  work 
himself  without  any  help.  I  wonder  if  we  can  be  absolutely 
sure  that  students  do  act  in  that  wav  with  regard  to  the 


DISCUSSION.  219 

work.  The  question  I  wish  to  ask  is  this,  what  was  done  in 
the  other  sections  in  calculus  with  reg:ard  to  problems,  and 
what  was  the  custom  before  at  the  Ohio  State?  I  want  to 
get  at  the  difference  between  the  work  Professor  Coddington 
has  been  doing  this  year  in  his  section,  and  what  was  done  in 
the  other  sections,  and  what  has  been  done  in  the  past  years. 
That  may  throw  a  little  light  on  the  subject. 

E.  F.  Coddington :  In  answer  to  the  last  question  I  may  say 
there  is  not  much  cooperation  among  the  teachers  at  Ohio 
State  University.  My  paper  describes  about  all  that  has 
been  done  at  our  institution. 

As  to  definite  assignments,  as  a  rule,  classes  are  assigned 
at  each  recitation  a  more  or  less  definite  set  of  problems  to 
be  solved  for  the  following  recitation.  The  only  check  used 
by  the  instructor  to  determine  if  these  problems  have  been 
solved  by  the  class  is  to  have  each  problem  put  on  the  black- 
board by  different  members  of  the  class.  No  systematic  check 
is  used  to  ascertain  if  all  members  of  the  class  solve  all  the 
problems.  If  the  truth  were  known,  in  many  classes,  no  con- 
sistent attempt  is  made  by  all  members  of  the  class  to  solve 
all  of  the  problems  assigned. 

President  Howe  asks  the  question  as  to  whether  I  took 
cognizance  of  the  fact  that  the  students  might  not  turn  in  the 
correct  time  put  in  daily  by  them  in  solving  the  problems  as- 
signed. I  told  the  members  of  my  class  that  I  would  expect 
them  to  be  square  and  that  the  record  hand6d  in  by  them 
would  be  accepted  as  being  correct.  I  think  there  were  those 
who,  on  occasion,  did  not  hand  in  correct  returns.  I  told  them 
occasionally  that  I  was  inclined  to  suspect  some  of  the  reports 
turned  in. 

The  question  is  also  raised  as  to  whether  all  students  worked 
out  the  solution  turned  in  by  them.  They  were  frankly  told 
that  I  expected  each  of  them  to  make  an  honest  effort  to  solve 
all  of  the  problems  assigned.  They  were  also  told  that  if 
some  of  them,  after  making  an  honest  effort,  could  not  solve 
certain  problems  they  were  to  solicit  aid,  and  that  it  made 
but  little  difference  whence  this  aid  came  so  long  as  it  was 
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legitimate  aid.    They  were  told,  however,  that  they  were  not 
expected  to  hand  in  solutions  which  they  did  not  understand. 

I  do  not  pretend  that  my  instructions  were  followed  in  all 
ca.ses.  In  fact.  I  know  they  were  not  in  a  few  cases.  The 
class  was  told  occasionally  that  there  were  those  who  were 
handing  in  work  not  their  own,  and  that  they  were  cheating 
themselves  and  not  their  instructor. 

The  work  done  daily  at  the  board,  however,  showed  that 
practically  all  members  of  the  class  made  an  effort  to  solve  all 
the  problems  assigned  to  them. 

Homer  L.  Dodge:  As  a  teacher  of  physics  I  would  like  to 
state  that  I  agree  with  everything  which  has  been  said  and 
believe  that  it  applies  equally  well  to  my  subject.  But  I  do 
not  think  that  the  whole  story  has  been  told.  We  have  had 
called  to  our  attention  the  need  of  application  and  concen- 
tration on  the  part  of  the  student  and  the  value  of  well 
planned  recitation  and  outside  work  but.  for  evident  reasons, 
the  speakers  have  laid  no  emphasis  on  the  personality  of  the 
teacher.  This,  to  my  mind,  is  more  important  than  the 
method. 

Last  summer  through  my  work  with  the  Committee  on 
Education  and  Special  Training  I  came  to  know  Major 
Moore  and  Captain  Duekering  whose  methods  of  teaching 
at  Camp  Humphreys  have  received  considerable  publicity. 
My  conclusion  was  that  the  success  of  their  methods  was  due 
in  a  great  part  to  the  personality  of  the  men  using  them.  A 
good  method  will  help  a  poor  teacher  but  a  good  teacher  may 
be  trusted  to  find  an  effective  method. 

It  is  the  duty  of  the  deans  of  engineering  colleges  to  see 
that  the  courses  in  physics,  mathematics,  and  other  arts  and 
science  courses  taken  by  engineers  as  a  part,  of  their  pre- 
scribed work  are  taught  by  men  who  are  qualified  for  the 
work  through  the  right  training,  experience,  and  interest. 
Too  much  teaching  of  engineers  is  being  donp.  by  men  whose 
primary  object  is  to  get  a  doctor's  degree  and  who  are  al- 
lowed and  even  encouraged  to  regard  their  teaching  responsi- 
bilities as  quite  incidental.     Moreover  the  teachers  of  these 
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subjects  must  receive  the  proper  recoguition  for  this  im- 
portant work.  Undergraduate  teaching  in  our  larger  insti- 
tutions suffers  from  the  fact  that  it  is  not  nearly  as  respectable 
to  be  an  excellent  teacher  as  to  publish  mediocre  research.  No 
one  appreciates  more  than  I  the  value  of  research  for  its  own 
sake  and  for  its  effect  on  the  man  who  does  it.  I  do  not 
advocate  less  emphasis  on  research  but  greater  emphasis  on 
the  importance  of  good  teaching. 

F.  H.  Constant:  I  assume  that  Dean  Bishop  is  serious  in 
asking  this  question.  The  honor  system  at  Princeton  is  a 
code  of  regulations  drawn  up.  and  enforced  by  the  students 
themselves.  It  applies  only  to  written  tests  conducted  in  ac- 
cordance with  the  code.  The  principal  condition  is  that  the 
test  is  to  be  conducted  at  a  stated  time,  in  a  given  place  and 
in  the  presence  of  two  or  more  students.  A  student  is  not 
supposed  to  leave  the  room  during  the  test  and  he  is  required 
to  write  the  pledge  upon  his  paper  before  handing  it  in.  The 
instructor  does  not  generally  remain  in  the  room  longer  than 
is  necessary  to  give  out  the  questions  and  make  the  supple- 
mentary explanations. 

In  principle,  therefore,  the  honor  system  at  Princeton 
merelv  amounts  to  this,  that  the  monitorship  of  the  instructor 
is  replaced  by  that  of  the  students  themselves.  A  student 
would  probably  not  be  permitted,  by  his  fellows,  to  cheat,  in 
the  first  place,  but  if  he  persists  he  is  reported  to  the  Student 
Council,  who  try  his  case.  If  he  is  found  guilty  he  quietly 
drops  out  of  college.  Men  do  leave  Princeton  under  these 
conditions,  but  such  cases  are  not  common.  The  honor  system 
does  work ;  we  know  by  every  sign  that  it  does. 

But  while  it  is  supposed  to  be  in  force  only  when  all  of  the 
regulations  of  the  code  are  being  observed,  the  spirit  of  the 
honor  system  really  extends  far  beyond  the  rules.  It  is  diffi- 
cult, sometimes,  for  a  student  to  understand  why  he  may  not 
carry  his  paper  to  his  room,  or  take  a  test  in  absentia.  The 
safeguarding  of  the  system,  however,  depends  upon  conform- 
ing rigidly  with  the  regulations. 

The  success  of  the  honor  system  at  Princeton  cannot  be 
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attributed  to  a  different  type  of  standard  to  that  found  else- 
where, but  solely  to  the  fact  that  it  has  been  in  operation  so 
long  that  it  has  become  part  of  the  spirit  of  the  place.  Other 
colleges  that  are  trying  out  the  system  should  not  be  dis- 
couraged if  it  does  not  meet  with  complete  success  at  the  start. 
Time  is  needed  for  it  to  become  deeply  rooted  in  the  student 
mind  and  to  grow  into  one  of  the  most  cherished  traditions  of 
the  student  body. 

A.  H.  Fuller:  I  had  an  opportunity  to  experiment  a  little 
on  mathematics  last  year  and,  with  the  thought  that  these 
twenty  minutes  have  been  given  over  primarily  to  pick  up 
stray  bits  of  information,  will  attempt  to  sketch  briefly  what 
was  done. 

At  Lafayette  the  time  for  mathematics  has  been  divided 
between  the  class  work  by  the  mathematics  staff  and  two 
three-hour  periods  a  week  given  by  engineering  instructors. 
I  had  the  pleasure  of  handling  one  of  the  laboratory  sections 
during  the  past  year.  At  fii"st  we  kept  in  close  touch  with 
the  class  work  by  means  of  weekly  conferences  between  the 
instructors.  Later  in  the  year  we  gradually  assumed  a  freer 
rein  and  experimented  as  each  instructor  thought  best. 

We  delved  into  mechanics  a  little  and,  finding  the  freshmen 
could  readily  pick  up  moments,  gave  a  good  deal  of  work 
involving  moments.  Then  we  tried  a  little  calculus,  not, 
however,  going  into  the  subject  in  the  thorough  way  Professor 
Coddington  has  done,  but  more  as  an  int"oduction  to  the 
sophomore  work  and  subsequent  applications.  The  student 
was  told  the  result  of  the  integral  of  dx  with  exponent  n. 
Xo  attempt  was  made  to  prove  it.  "We  used  it  getting  areas, 
in  getting  volumes  and  in  getting  the  center  of  gravity  of 
surfaces  and  volumes.  We  purposely  restricted  the  integra- 
tions to  surface  and  volumes  involving  either  the  straight  line 
or  the  parabola,  but  emphasized  the  idea  of  integrating  be- 
tween limits. 

An  effort  was  made  to  give  the  problem.^  an  engineering 
setting  and  it  was  a  gratification  to  note  the  readiness  in 
building  up  equations,  integrating  them  bteween  the  proper 
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limits  and  in  securing  correct  results.  It  is  a  question,  of 
course,  whether  the  time  thus  spent  was  the  most  economically 
employed.  While  I  am  yet  open  minded  T  am  optomistic 
enough  to  want  to  start  other  classes  along  similar  lines  while 
watching  this  one  in  subsequent  work  in  calculus,  in  mechanics 
and  in  other  applied  work. 

Professor  Plant :  I  wish  to  say  that  I  have  been  immensely 
interested  in  the  papers  given  by  Professor  Coddington  and 
Mr.  Kiefer,  and  in  the  experience  and  testimonials  of  the  dif- 
ferent members  of  the  society.  During  the  past  years  I  have 
attended  the  meetings  of  this  Society  quite  ]'egularly,  and  in 
conversation  with  you  men  from  different  institutions,  I 
have  heard  statements  like  these :  The  people  in  physics  say, 
"Our  mathematics  department  does  not  teach  our  students 
what  we  think  they  ought  to  know  so  we  have  to  teach  them 
whatever  mathematics  they  should  know."  The  people  in 
mechanics  say,  ''The  physics  that  our  students  get  does  not 
seem  to  be  worth  very  much,  so  when  we  come  to  the  subjects 
of  velocity,  acceleration,  and  so  forth,  we  do  not  assume  any 
knowledge  at  all,  but  start  at  the  very  foundation  and  build 
up  the  theory  to  suit  ourselves." 

So  it  goes  all  the  way  around.  As  I  have  listened  to  these 
two  reports,  it  seems  to  me  that  the  one  lesson  that  might  be 
learned  from  both  reports  is  this,  that  just  as  soon  as  you  can 
get  the  members  of  your  departments  of  mathematics  and 
physics  to  come  together  to  discuss  their  problems,  just  so 
soon  will  you  begin  to  get  results,  and  just  as  soon  as  you  can 
get  your  people  in  mechanics  and  physics  or  any  of  those 
allied  subjects  to  get  together  to  discuss  plans  by  which  each 
can  be  helpful  to  the  other,  you  will  begin  to  get  results.  It 
seems  to  me  this  is  just  exactly  what  is  happening  here.  One 
of  the  reasons  for  the  success  of  the  work  of  Professor  Cod- 
dington is  that  instead  of  the  Department  of  Physics  going 
out  of  its  way  to  keep  away  from  mathematics,  it  tried  to 
see  what  Professor  Coddington  was  teaching  in  order  to  de- 
velop those  thoughts  further  and  he  in  turn  tried  to  back 
up    certain    things    that    the    department    of    physics    was 
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teaching  to  see  if  he  could  carry  those  thoughts  still  further. 
Again  I  say.  just  as  soon  as  you  bring  about  a  coordination, 
you  can  count  on  getting  results. 

As  chairman  of  the  Committee  on  Mathematics.  I  certainly 
hope  that  another  year  will  bring  forth  other  experiments, 
that  we  may  hear  what  others  are  doing,  in  order  to  bring 
about  more  efficient  teaching  in  mathematics,  physics  and 
mechanics. 

Just  a  final  word  in  conclusion.  One  other  lesson  that 
might  be  learned  from  the  reports  of  Professor  Coddington 
is  this,  that  due  to  the  very  fact  that  he  was  experimenting 
and  that  Professor  Smith  was  experimenting,  each  prepared 
his  lessons  very  carefully.  Now.  I  mean  that  with  all  serious- 
ness. How  many  of  us  have  gone  before  our  classes  knowing 
that  we  knew  our  lesson,  that  is  to  say.  we  know  our  mathe- 
matics, but  we  did  not  know  just  what  we  ^ere  going  to  say 
at  this  particular  hour.  "When  we  are  endeavoring  to  coordi- 
nate our  subject  with  allied  subjects  we  are  bound  to  know 
the  lesson  of  the  hour  and  also  save  time. 
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Chas.  S.  Howe :  Mr.  President,  and  Ladies  and  Gentlemen : 
It  became  evident,  when  the  committee  began  to  correspond 
about  this  matter,  that  it  would  be  impossible  to  write  a  re- 
port to  which  we  could  all  agree,  and  we  were  very  much 
afraid  that  we  could  not  write  a  report  which  would  be  ac- 
cepted by  the  whole  of  the  society.  We  wish  to  secure  as 
much  information  as  possible  by  getting  your  views  on  the 
subject.  That  is  why  we  asked  that  a  discussion  be  held  this 
morning,  in  place  of  a  Committee  report.  Doubtless  all  of 
you  are  familiar  with  what  has  been  done  so  far  in  regard  to 
the  effort  to  secure  Federal  Aid  for  engineering  research.  As 
your  president  has  just  stated  to  you.  this  matter  was  brought 
to  our  attention  by  the  engineering  faculty  of  the  Ohio  State 
University,  and  so  I  will  a.sk  Professor  Magruder.  of  the 
Ohio  State,  to  present  the  subject  to  you,  I  call  upon  Professor 
]\ragruder. 

W.  T.  Mag-ruder:  Mr.  Chairman  and  members  of  the  So- 
ciety: I  am  sorry  that  Prof.  F.  C.  Blake,  the  thairman  of  our 
local  committee,  is  not  here,  as  he  is  the  proper  one  to  put 
this  matter  before  you,  and  particularly  as  I  am  not  even  a 
member  of  our  local  committee. 

The  experience  of  all  of  us  who  have  been  through  the  re- 
cent war  is  that  there  is  very  great  need  for  engineering 
experimentation  and  research.  I  do  not  think  there  can  be 
any  chance  for  argument  on  this  point.  Those  of  us  who  are 
connected  with  one  of  the  agricultural  and  mechanical  col- 
leges know  that,  as  a  result  of  agricultural  experimentation, 
we  have  increased  the  value  of  the  agricultural  resources  of 
our  country  many  times,  and  that  the  farmers  have  been 
shown  how  "to  make  two  blades  of  wheat  grow  where  only 
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one  grew  before."  thereby  greatly  increasing  their  revenues. 
I  do  not  think  that  it  should  be  necessary  to  discuss  the  de- 
sirability of  something  being  done  along  similar  lines  for 
both  scientific  and  engineering  experimentation  and  research. 
If  that  point  is  conceded,  the  question  is,  hew  best  can  those 
interested  get  the  means  to  do  the  work  and  obtain  the  desired 
results.  The  answer  heretofore  has  been  that  the  way  to 
proceed  is  the  same  way  that  the  federal  {rovernment  has 
proceeded  heretofore,  namely  by  establishing  engineering 
experiment  stations,  or  something  which  will  be  the  equivalent 
thereto. 

Quite  a  number  of  different  groups  of  people  are  interested 
in  this  particular  proposition.  We  have  the  American  As- 
sociation of  Agricultural  Colleges  and  Experiment  Stations, 
commonly  known  as  the  ''Land  Grant  College  Association"; 
we  have  the  Association  of  State  Uuivei-sit'es;  we  have  the 
Association  of  American  Universities;  we  also  have  the 
National  Research  Council  which  has  recently  been  injected 
into  the  consideration  and  discussion  of  this  problem;  we 
have  the  federal  government;  and  besides  these,  we  have  the 
general  public  which  pays  the  bill.  The  question  is  with  all 
of  these  six  groups  of  people  interested  in  the  subject,  what 
is  the  best  way,  or  ways,  to  get  the  desired  results  by  engineer- 
ing experimentation  and  industrial  research,  which  shall  in 
some  way  approximate  in  value  to  the  nation  that  already 
done,  and  being  done,  by  the  agricultural  experiment  stations. 

As  has  been  stated,  the  state  land  gr-^nt  colleges  are 
naturally  and  properly  interested  in  these  matters.  Their 
argument  is  that  they  should  continue  the  work  begun  by 
the  government  so  as  to  round  out  their  work.  That  seems 
to  be  a  good  argument  from  their  point  of  view.  The  other 
state-supported  educational  institutions  argue  that  they 
should  have  some  chance  to  do  engineering  research  work  at 
federal  expense,  and  for  which  they  claim  that  they  are  well- 
fitted  and  qualified.  The  privately  endowed  educational 
institutions  claim  that  in  some  states  they  are  better  prepared 
in  facilities  and  man-power  to  do  the  work  of  engineering 
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experimentatiou  thau  it  can  be  done  by  the  land  grant  college 
of  that  state.  One  university  president  has  even  put  forth 
the  statement  that  the  "three  athhtk  universities.  Harvard, 
Yale,  and  Princeton'"  also  should  have  a  chance  to  do  the 
work  I 

Another  type  of  interested  group  of  citizens  are  those  con- 
nected with  the  privately  supported  research  institutions, 
such  as  The  Mellon  Institute  at  Pittsburgh,  the  National 
Canners  Association,  and  others.  Still  another  type  of  in- 
terested persons  are  those  connected  with  the  Research 
Divisions  which  are  being  conducted  by  many  of  our  indus- 
trial and  engineering  corporations.  Their  argument  is  that 
if  everybody  should  have  a  chance  to  spend  a  port  of  this 
federal  money,  why  should  not  they?  They  claim  that  they 
are  as  well  prepared  as  any  other  group  of  men  to  do  the 
work,  have  more  facilities,  experience,  training,  and  personnel, 
and  should  have  the  pri^dlege  of  doing  the  work.  From  the 
above  it  will  be  seen  that  there  are  quite  a  number  and  variety 
of  beneficiaries  who  might  be  willing  to  use  part,  or  all.  of 
any  federal  money  that  could  be  obtained  for  engineering 
experimentation  and  industrial  research. 

The  next  question  is  who  should  have  charge  of  the  dis- 
bursal  of  the  federal  appropriations  obtained  for  such  work, 
the  decision  as  to  what  work  should  be  done,  the  direction 
of  the  work,  and  the  publication  of  the  results.  Until  such 
time  as  we  shall  have  a  Department  of  Public  Works  which 
shall  include  the  Bureau  of  Standards  in  the  Department  of 
Commerce,  the  Bureau  of  Mines  in  the  Department  of  the 
Interior,  the  engineering  part  of  the  work  now  being  done 
under  the  direction  of  the  Office  of  (Agricultural)  Experi- 
ment Stations  in  the  Department  of  Agriculture,  to  say 
nothing  of  the  other  departments  of  the  federal  government 
now  doing  engineering  and  industrial  research  work  and  ex- 
perimenation,  who  is  to  have  charge  of  the  money  which  will 
be  appropriated  and  the  work  which  should  be  done  ?  "Who 
is  going  to  prevent  some  one  in  California  spending  money 
in  trviug  to  discover  something  which  some  one  in  Maine  has 
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already  discovered?  How  is  the  federal  government  going 
to  prevent  the  threshing  of  old  straw?  It  will  mean  the  es- 
tablishment of  some  central  headquarters'  oflSce  and  authority 
for  guidance,  direction,  and  control. 

^\Tien  these  facts  and  ideas  were  presented  to  the  faculty 
of  the  College  of  Engineering  of  The  Ohio  State  University 
by  its  Committee  on  Engineering  Experiment  Station  and 
Research,  it  became  evident  that  the  engineering  profession 
was  permitting  a  very  serious  waste  of  time  and  money  in 
not  trying  to  have  done  for  the  engineering  profession  what 
has  been  done  for  the  profession  of  agriculture,  namely  the 
increase  and  advancement  of  professional  knowledge  to  be 
obtained  by  engineering  experimentation  and  industrial  re- 
search. It  seemed  a  very  great  pity  to  us  at  Columbus  that 
these  various  associations  and  colleges  cannot  get  together 
in  a  large  statesmanlike  way  and  decide  how  best  to  obtain 
the  desired  results,  and  then  go  before  the  Congress  with  one. 
and  only  one.  bill  to  which  there  would  be  practically  no 
opposition,  and  so  obtain  the  needed  federal  appropriation 
for  the  work  of  engineering  stations  of  one  kind  or  another. 
That  being  the  problem,  it  seemed  to  some  of  us  at  The  Ohio 
State  University,  which  is  also  a  Land  Grant  CoUege.  that 
this  Society  for  the  Promotion  of  Engineering  Education  is 
the  proper  society  to  take  the  leadership  among  the  various 
a.ssociations  of  the  country  interested  in  this  subject,  to  unifj- 
their  interests,  to  try  to  get  them  together,  compromising 
details  if  need  be,  but  to  try  to  get  them  together  into  one 
unified  organization  which  shall  see  to  it  that  the  federal 
government  does  unite  with  the  state  governments  in  having 
some  engineering  experimentation  and  industrial  research 
work  done  in  each  of  those  states  which  desires  to  do  such 
work  and  that  adequate  funds  shall  be  provided  therefor. 
With  this  end  in  view,  our  faculty  memorialized  the  Executive 
Committee  of  this  Society  that  a  Committee  should  be  ap- 
pointed to  consider  this  subject.  That  commitee  has  been 
appointed.  President  Howe  is  its  Chairman.  The  problem 
is  now  before  the  meeting.    This  Society  holds  the  key  to  the 
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solution  of  the  problem.  Shall  we  use  it  ?  If  because  of  local 
interests  those  in  certain  few  states  can  not  decide  which 
educational  institutions  should  have  the  opportunity  and  the 
responsibility  for  leadership  in  engineering  and  industrial 
research  work  in  that  state,  why  should  those  of  us  in  the 
larger  number  of  states  and  in  the  country  at  large  be  re- 
quired to  go  without  federal  appropriations  for  the  work? 
That  is  the  problem  before  us. 

For  lack  of  time  this  morning,  we  can  not  have  a  long 
discussion  of  this  subject.  The  question  now  before  us  is 
whether,  or  not,  this  Society  shall  take  the  leadership  in  the 
solution  of  this  problem  in  a  strong  and  statesmanlike  way 
for  the  benefit  of  both  the  engineering  profession  and  the 
industries  of  this  country. 

W.  S.  Franklin:  Mr.  President,  I  would  like  to  make  a 
suggestion  to  the  committee.  For  many  years  in  handling 
advanced  students,  we  have  all  of  us  been  under  the  neces- 
sity of  referring  them  repeatedly,  over  and  over  again,  to  the 
German  publications  in  which  the  latest  developments  in 
science  have  been  adequately  summarized.  For  example, 
take  that  remarkable  book,  Winkelmann's  ''  Handbuch  der 
Theoretischen  Physik. "  It  is  one  of  the  few  things  you  can 
refer  a  student  to  for  the  latest  aspects  of  various  phases  of 
physics.  Of  course,  the  Germans  have  been  publishing  books 
of  that  kind  in  other  fields.  It  is  almost  impossible  to  refer 
a  student  to  any  adequate  summary  of  the  recent  develop- 
ments of  science  in  English,  and  if  we  are  to  promote  re- 
search in  this  country,  I  think  one  of  the  most  important 
things  is  to  provide  for  the  periodic  publication  of  complete 
summaries  of  recent  researches  in  all  branches  of  science,  and 
the  only  possible  way  of  doing  it  is  to  bring  the  government 
to  see  its  duty  in  the  matter  of  meeting  the  expenses.  I  do 
believe  that  a  very  large  sum  of  money  should  be  appro- 
priated by  the  General  Government  and  parceled  by  the 
National  Eesearch  Council,  or  some  other  body,  and  that  that 
council  would  have  the  authority  to  say  to  the  leading  man  i]i 
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any  particular  line  of  research  that  he  was  to  summarize  that 
whole  field  and  would  receive  an  honorarium  for  it.  the  pub- 
lication to  be  at  the  expense  of  the  government.  If  we  are 
going  to  do  anythinir.  we  must  look  to  the  young  men,  how 
to  prepare  them,  and  how  to  stimulate  them  for  the  work, 
and  the  adequate  summary  of  the  latest  developments  is  one 
of  the  most  important  things  to  be  done  to  help  young  men. 
I  hope  very  much  this  committee  will  consider  this  thing. 

W.  J.  Risley:  I  am  going  to  suggest  one  thing  as  an  out- 
sider. The  Agriculturals  have  been  spoken  of.  The  agri- 
cultural problem  is  local.  The  engineering  problem  is  not 
local.  You  need  an  agricultural  experiment  station  for  the 
state  of  Ohio,  and  you  need  another  one  for  the  state  of 
Illinois,  and  another  one  yet  for  Michigan,  where  the  soil  is 
different,  and  where  the  range  is  different,  but  as  I  take  it, 
engineering  problems, — and  I  believe  that  is  the  matter  we 
are  supposed  to  be  discussing  now. — are  not  local.  The  prin- 
ciples of  bridge  construction  or  reenforced  concrete  are  more 
or  less  universal.  I  believe  if  this  phase  were  kept,  that  with 
this  proposed  suggestion  of  control  of  a  national  character, 
we  need  not  necessarily  have  two  or  three  experiment  sta- 
tions in  Ohio,  and  we  need  not  have  a  half  dozen  of  them  in 
Illinois,  and  we  surely  need  not  have  quite  so  many  as  we 
have  of  agricultural  experiment  stations.  That  is  just  a 
suggestion  on  the  matter.  The  other  suggestion  is  this;  so 
long  as  a  railroad  can  get  a  particular  city  to  divide  as  to 
whether  it  wants  its  tracks  up  or  down,  it  eggs  the  factions 
on  and  does  nothing.  I  think  Congress  looks  at  it  this  way, 
one  .side  demands  one  thing,  and  the  other  side  demands  it 
have  exactly  the  opposite  thing,  and  you  cannot  blame  Con- 
gress which  has  plenty  of  places  to  put  its  money,  w^hen 
people  who  are  experts  cannot  agree  on  how  they  want  it 
done. 

It  was  on  that  basis  that  I  thought  it  was  a  good  plan  for 
this  organization  to  concentrate  its  efforts  and  try  to  present 
a  united  front  and  show  that  we  are  reallv  interested  in  the 
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experimental  work.    For  this  reason,  I  think  it  is  a  good  job 
if  we  keep  oiir  eye  on  that  particnlar  thing. 

Professor  Franklin:  Mr.  President,  I  would  like  to  make 
another  suggestion.  There  is  one  error  we  have  all  made  in 
connection  with  the  promotion  of  research.  We  have  clung 
too  narrowly  to  the  idea  of  efficiency ;  we  have  been  too  much 
averse  to  the  duplication  of  work.  Now,  if  there  is  one  thing 
that  is  needed  in  this  country  of  ours  to  promote  research  it 
is  to  make  scientific  research  a  career  for  young  men,  to  make 
scientific  Tesearch  a  line  of  work  in  which  a  young  man  can 
make  a  living  and  bring  up  a  family,  and  have  his  Ford 
machine  to  drive  around  in.  It  is  the  same  in  music,  it  is  the 
same  in  every  line.  One  reason  we  do  not  have  music  de- 
veloped in  this  country  is  that  a  man  either  has  to  be  an 
artist  of  the  highest  grade,  or  a  fiddler;  there  is  no  middle 
ground.  It  is  almost  absurd  to  think  of  a  man  making  a 
living  in  this  country  by  his  playing  the  fiddle  unless  he 
makes  a  fortune,  and  it  is  almost  as  absurd  for  any  young 
man  now  to  think  of  making  a  living  in  research  unless  he 
makes  himself  a  T.  J.  Thompson,  or  a  Helmholtz.  What  we 
want  to  do  is  to  attract  the  young  men  of  moderate  abilities. 
No  one  knows  if  a  young  man  has  wonderful  abilities  until 
he  is  tried  out,  and  no  young  man  is  going  into  a  line  of 
work  in  which,  if  he  fails,  he  will  starve  to  death.  What 
we  need,  therefore,  is  something  that  will  make  it  evident  to 
5^oung  men  that  there  is  a  possibility  of  an  honorable  career 
even  if  he  does  not  make  a  wonderful  name  for  himself  in 
research.  That  being  the  case,  duplication  in  research  does 
not  amount  to  anything  at  all.  If  we  had  a  thousand  men 
working  continuously  in  this  United  States  on  Research  prob- 
lems in  any  particular  line,  many  of  them  working  on  the 
same  problem,  you  would  get  more  than  a  hundred  times  as 
much  done  as  if  you  had  ten  men  working  in  that  field. 
Therefore,  don't  lay  such  great  stress  on  efficiency,  don't 
lay  such  great  stress  on  the  elimination  of  duplication,  except 
in  so  far  as  you  have  to  do  it  when  you  are  talking  to  Con- 
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grress.  Congress  thinks  it  can  pay  out  so  many  dollars  for 
such  and  such  results.  You  cannot  do  it  that  way.  You  have 
got  to  get  young  men  to  work,  and  feed  and  clothe  them  and 
maintain  their  families  while  they  are  doing  work,  and  out 
of  the  whole  you  will  get  results. 

I  hope  very  much — and.  of  course.  I  am  an  outsider  in  this 
thing,  so  far  as  a  state  supported  or  national  supported  in- 
stitutions are  concerned — ^but  I  hope  this  movement  will  go 
through :  there  is  nothing  in  the  United  States  that  is  so  much 
needed  as  adequate  support  for  research,  support.  aYid  not  so 
much  talk  about  it. 

A.  A.  Potter:  I  agree  with  Mr.  Wiley  that  the  S.  P.  E.  E.  is 
a  society  where  we  can  get  together  and  forget  that  we  be- 
long to  one  institution  or  to  another.  It  is  undesirable  for 
the  society  to  step  in  and  try  to  bring  together  the  various 
factions.  I  am  certain  that  this  society  will  not  succeed  in 
bringing  together  the  various  factions  who  are  interested  in 
Federal  aid  for  engineering  experimentation.  It  would  be 
very  much  better  if  the  committee  of  the  society  would  put 
itself  on  record  as  favoring  Federal  support  for  research. 
but  not  try  to  untangle  a  rather  difficult  puzzle.  Conse- 
quently. Mr.  Chainnan.  I  move  you  that  this  committee  con- 
cern itself  only  with  the  broad  question  of  research. 

Chairman  Howe:  You  have  heard  the  motion  that  the 
committee  limit  the  scope  of  the  work,  and  take  no  part  in 
the  discussion  between  the  land  grant  colleges  and  state  uni- 
versities, as  I  understand  the  motion.  Do  you  wish  to  dis- 
cuss the  question  ? 

Professor  Magruder:  Mr.  Chairman,  this  is  one  way  to 
settle  the  ease.  I  move.  Mr.  Chainnan.  as  a  substitute  motion, 
**  that  it  is  the  sense  and  opinion  of  this  meeting  that  there 
is  great  need  for  experimentation,  and  second,  that  engineer- 
ing research  work  should  be  conducted  at  the  joint  expense 
of  the  federal  and  state  government.''  If  I  can  get  a  second 
to  that  motion,  I  would  like  to  speak  on  it. 
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Professor  Franklin:  I  second  the  motion. 

Chairman  Howe:  You  have  heard  the  substitute  motion, 
which  has  been  seconded,  and  is  now  open  for  discussion.  It 
is  on  the  question  of  the  substitution  that  we  are  to  speak,  and 
not  an  argument  on  the  motion  itself.  That  will  come  after 
the  motion  has  been  made.  Is  there  any  one  who  wishes  to 
speak  on  the  substitution  of  this  motion  for  the  other  motion? 

Professor  Magruder :  I  moved  to  substitute  this  motion  for 
the  other  for  the  two  reasons  that  I  have  already  given.  A 
third  reason  why  the  substitute  motion  should  prevail  is  that 
this  Society,  representing  as  it  does  all  branches  of  the  en- 
gineering profession,  and  not  just  two  or  three  colleges  in 
this  country,  should  be,  and  I  think  is,  big  enough,  influential 
enough,  and  statesmanlike  enough  to  get  the  contending  in- 
stitutions and  associations  together  on  this  matter  and  prepare 
a  bill  to  be  submitted  to  Congress  wherein  fundamental  prin- 
ciples involved  shall  be  decided  and  not  all  the  details.  Are 
the  members  of  this  Society  united  in  desiring  federal  as- 
sistance for  engineering  experimentation  and  industrial 
research  work?  If  we  are,  do  not  let  us  shelve  this  oppor- 
tunity for  statesmanlike  leadership.  This  is  the  chief  reason 
for  substituting  the  pending  motion  for  the  other. 

C.  J.  Tilden:  Mr.  Chairman,  I  would  like  to  ask  if  that 
cannot  be  changed  somewhat,  it  makes  no  mention,  it  takes 
no  account  whatever  of  the  large  industrial  research  estab- 
lishments that  have  come  into  existence  in  the  last  few  years, 
and  are  being  very  widely  expanded.  A  great  many  of  those 
are  available  for  cooperation  with  the  schools,  and  it  seems 
to  me  this  is  a  rather  hard  and  fast  and  limited,  saying  that 
research  should  be  conducted  at  the  joint  expense  of  the 
Federal  Government  and  the  state.  It  seems  to  me  that  could 
be  phrased  rather  more  happily. 

Dean  Raymond:  I  think  I  have  the  same  objection  to  the 
motion  in  the  present  form  as  has  just  been  voiced.  It  con- 
tains a  limitation.  We  are  on  record,  the  society  is  on  record, 
as  favoring  Federal  aid  to  engineering  research.    "We  passed 
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such  a  motion  at  a  meeting  in  Boston  a  year  and  a  half  ago. 
We  already  have  that  on  our  record.  I  think  we  ought  not 
to  accept  this  particular  part  of  the  motion,  this  second  part, 
because  it  contains  a  limitation.  I  think  we  should  stop  with 
the  statement  that  we  are  in  favor  of  or  recognize  the  need 
of  engineering  experimentation,  that  if  we  go  on,  we  should 
simply  add  to  that  as  we  have  already  done,  that  we  favor 
Federal  aid. 

Professor  Franklin:  Federal  and  State  aid,  any  kind  of 
aid  we  can  get. 

Dean  Raymond:  Yes.  Federal  and  State  aid. 

W.  0.  Wiley:  I  had  supposed  the  subject  before  this  meet- 
ing was  whether  the  Society  should  pursue  any  particular 
course  or  not,  and  not  whether  there  was  any  value  in  any 
particular  project  of  research  or  not.  In  council  I  have  uni- 
formly opposed  this  resolution.  I  have  taken  the  position 
and  it  is  only  fair  tliat  I  should  take  this  position  before  the 
Society. — that  our  membership  is  composed  of  different  ele- 
ments and  has  different  interests  at  stake.  It  seems  to  me  a 
new  departure  for  our  Society  to  take.  Perhaps  the  com- 
mittee can  come  to  an  agreement  on  the  matter  before  it  is 
presented  to  the  Society. 

Chairman  Howe:  Do  you  wish  to  offer  that  as  an  amend- 
ment. Dean  Raymond? 

Dean  Rajmiond:  Yes,  does  that  meet  your — 

Professor  Franklin:  I  would  rather  the  motion  referred 
to  the  first  plirase  only. 

Dean  Raymond:  It  seems  almost  unnecessary  to  make  such 
a  motion  as  that. 

Professor  Franklin:  I  think  so.  Something  like  expressing 
an  opinion  of  this  body  that  ice  cream  is  a  pleasant  food. 
However,  that  would  not  do  any  harm. 

Chairman  Howe:  The  motion  is  on  both  motions  together, 
not  separately,  and  there  is  no  motion  to  change  the  present 
motion  of  Professor  IMagruder. 

Professor  Magruder:    May   I   ask   the   gentlemen   on    my 
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right. — there  is  nothing  said  about  industrial  experimentation. 
You  and  I  can  do  just  as  much  experimentation  as  we  see 
fit,  but  the  point  is  that  the  experimentation  should  be  done 
by  money  provided  by  both  the  Federal  Grovernment  and  the 
State  Government.  The  Mellon,  the  Westinghouse  Electric 
Company,  and  many  other  companies,  can  spend  money  for 
their  private  experimentation  as  freely  as  they  see  fit. 

Professor  Tilden:  My  objection  is  to  the  phrasing  of  the 
second  part,  and  I  think  that  could  be  changed  perhaps  some- 
what along  the  line  Dean  Raymond  has  suggested,  to  make 
it  a  little  more  conclusive. 

Dean  Raymond:  I  will  move  to  amend  that  suggestion. 

Chairman  Howe :  Will  he  read  it  again  so  that  we  will  know 
the  wording  of  the  second  resolution  ? 

Dean  Raymond:  The  second  part  of  the  resolution,  that 
we  fav(ir  Federal  and  State  aid  for  such  experimentations. 

Professor  Magruder:  Will  you  make  it  engineering  re- 
search ? 

Dean  Raymond:  Engineering  experimentation,  if  you  have 
it  engineering  research  in  the  first  part  of  your  motion,  we 
wiU  have  it  in  the  second  part. 

Professor  Magruder:  I  purposely  put  in  both  phrases  so 
as  to  have  it  as  broad  as  possible. 

Mr.  :  We  want  Federal  and  State  aid  for  what- 
ever he  was  talking  about. 

Chairman  Howe:  Dean  Raymond,  will  you  read  it  as  you 
have  it  ? 

Dean  Raymond:  May  I  hear  the  first  part  read? 

Professor  Magruder:  That  it  is  the  sense  of  this  meeting 
that  there  is  great  need  for  engineering  experimentation, — 
and  research.    I  am  perfectly  willing  to  add  that. 

Dean  Raymond:  This  is  a  suggestion  as  an  amendment  to 
the  second  part,  that  we  favor  Federal  and  State  aid  for  such 
experimentation  and  research. 

(The  amendment  was  seconded  by  Professor  Magruder.) 

(The  amendment,  being  duly  seconded,  was  carried.) 
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Chairman  Howe:  The  orig-inal  motion  as  amended  is  be- 
fore vdu  f<i!-  discussion.    Do  yon  wish  to  discuss  that? 

Chairman  Howe:   Yes. 

(The  motion,  as  amended,  being  duly  seconded,  was 
carried.  "^ 

Chairman  Howe:  Does  any  one  else  wish  to  speak  to  this 
general  subject  ?  May  I,  as  Chairman  of  the  Committee,  say 
a  word  with  regard  to  the  whole  question? 

It  was  suggested  that  we  keep  out  of  the  discussion  between 
the  diflFerent  organizations  interested.  "Well,  gentlemen,  the 
committee  is  right  in  that  discussion  and  it  cannot  get  out  of 
it.  We  have  come  to  you  for  some  help  in  the  problem  pre- 
sented to  us.  We  find  that  there  are  two  bills  before  Con- 
gress, and  that  absolutely  nothing  concerning  Federal  aid 
for  research  will  go  through  Congress  as  long  as  those  oppos- 
ing the  bills  are  there.  This  is  an  absolute  fact. — we  are  right 
up  against  it,  and  nothing  can  be  done.  Now.  if  you  say  this 
committee  is  not  to  enter  into  this  discussion,  you  simply  say 
you  will  have  nothing  to  do  with  the  question  of  Federal  aid 
for  research.  Those  two  bodies  have  got  to  be  brought  to- 
gether in  some  way.  or  there  will  be  no  Federal  aid.  I  do  not 
intend  to  speak  upon  this  question  because  I  want  those 
directly  interested  to  do  so.  but  I  am  trying  to  tell  you  now 
where  the  committee  finds  itself.  The  association  of  land 
grant  colleges  has  debated  this  subject  to  a  great  extent,  has 
published  a  large  amount  of  material  in  regard  to  it.  Vari- 
ous efforts  have  been  made  to  bring  before  Congress  a  resolu- 
tion which  would  unite  all  factions,  but  they  have  finally,  as 
their  last  word, — ^I  think  I  am  right  in  saying  this  because 
I  have  a  letter  from  President  Eiggs  which  said  they  are  sroing 
to  stand  behind  their  original  proposition.  They  are  in  favor 
of  no  appropriation,  as  far  as  this  particular  bill  is  con- 
cerned, which  does  not  give  the  whole  matter  in  each  state  to 
the  land  grant  colleges,  and  they  will  not  change  their  posi- 
tion. As  I  understand,  the  state  universities  are  very  much 
oppo.sed  to  such  an  action,  and  here  is  a  committee  trying  to 
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present  something-  to  this  society  which  will  finally  aid  in  get- 
ting Federal  money  for  research,  and,  gentlemen,  you  are  not 
helping  us  a  particle  by  anything  you  have  done,  except  by  a 
resolution,  which  is  admirable.  Is  there  any  way  by  which 
the  society  can  bring  more  pressure  on  the  two  bodies  which 
are  now  fighting  over  this  thing  so  that  they  will  be  willing 
to  come  together  and  by  doing  so  secure  help  from  the  Fed- 
eral CTOvernment  for  research.  If  they  do  not  come  together 
there  will  be  no  appropriation. 

Dean  Raymond:  Mr.  Chairman,  I  think  perhaps  you  have 
answered  your  own  question,  when  you  quote  from  Presideiit 
Riggs.  It  will  be  very  unfortunate  to  have  this  discussion 
come  up  on  the  floor  of  this  organization.  It  should  not  be 
here  at  all.  If  your  committee  wishes  to  get  information,  it 
can  get  it  by  conference  with  the  individuals  concerned  and 
interested.  I  think  perhaps  that  would  be  a  very  good  way. 
Some  of  us  have  prepared  a  measure  which  we  think  is  fair, 
which  we  think  is  the  proper  thing  to  develop  better  aid  for 
engineering  research.  Federal  and  State  aid.  Your  committee 
is  welcome  to  that.  It  has  never  been  introduced  in  Congress 
as  yet.  It  is  not  one  of  the  two  bills  there.  I  think  you  have 
not  asked  for  it  until  now. 

Chairman  Howe:    I  did  not  know  you  had  it. 
Dean  Raymond:    It  is  obtainable,  and  I  think  almost  any 
fair-minded  committee  would  consider  it  a  fair  proposition. 
I  do  not  think  Professor  Riggs  would. 

I  do  think  that  simply  by  correspondence  the  committee 
can  get  whatever  is  in  the  minds  of  all  persons  concerned 
in  this  matter.  I  think  as  far  as  this  particular  body  is  con- 
cerned, the  discussion  ought  to  drop. 

Chairman  Howe:  Dean  Raymond,  why  shouldn't  we  have 
this  bill  here  and  read  to  the  organization?  The  whole  or- 
ganization is  interested  in  it.  Of  course,  the  Dean's  statement 
in  reference  to  a  fair-minded  committee  may  be  a  compliment 
or  a  slap  at  the  committee.  But  I  am  sure  the  whole  organi- 
zation would  like  to  hear  the  details  of  that  bill. 
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Dean  Raymond:    I  do  not  have  the  copy  here. 

Dean  Hayford:  I  would  like  to  raise  one  question  in  con- 
nection witli  the  statement  just  made.  It  would  indicate  that 
it  was  a  proper  procedure  for  the  Society  for  the  Promotion 
of  Engineering  Education  to  appoint  a  committee  to  deal 
with  a  matter  such  as  this,  and  deal  with  it  absolutely  auto- 
cratically in  so  far  as  the  society  is  concerned,  reach  its  con- 
clusions and  act  without  a  discussion  in  the  society  as  a 
whole. 

That,  it  seems  to  me.  is  a  dangerous  sort  of  policy  for  the 
society  to  inaugurate.  If  this  matter  is  one  which  the  society 
cannot  properly  discuss  openly  and  frankly.  I  doubt  if  it  is 
a  matter  in  which  they  should  give  a  committee  authority  to 
act  for  them  without  a  discussion,  either  before  or  after.  I 
raise  that  question  of  policy.  Is  it  a  good  thing  to  have  a 
star  chamber  committee  to  deal  with  this  matter  if  it  has  one 
which  cannot  be  dealt  with  in  the  open  meeting? 

Mr.  W.  0.  Wrley:  The  subject  under  discussion  has  already 
been  brought  before  the  Society.  In  fact,  at  our  meeting  in 
Boston  in  December,  1918.  "We  had  the  privately  endowed 
institutions  represented  by  Pupin.  of  Columbia,  and  ^lac- 
laurin.  of  the  Institute  of  Technology.  "We  had  tlie  Land 
Grant  Colleges  represented  by  President  Thompson,  of  the 
Ohio  State  University.  "We  had  the  state  universities  rep- 
resented by  Dean  Raymond,  and  there  were  a  number  of 
outsiders  who  took  part  in  the  discussion.  My  opinion  was 
formed  from  the  arguments  pro  and  con  in  that  meeting,  that 
this  Society  could  not  bring  the  opposed  elements  together 
and  that  it  is  not  a  proper  task  for  us  to  undertake  as  a 
Society. 

C.  G.  Brown:  ^Ir.  Chairman,  my  understanding  is  that  an 
engineer  is  one  who  can  try  to  solve  a  problem  by  first  find- 
ing the  facts  and  then  reasonincr  from  those  facts  to  a  clear 
and  logical  conclusion.  If  we.  who  believe  in  the  promotion 
of  engineering  education,  cannot  do  that,  it  would  seem 
as  though   we   are   hardly   competent  to   instruct   others   in 
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Engineering-.  Xow.  is  it  not  possible  for  a  body  like  this 
to  lay  aside  personal  prejudices  or  personal  opinions  and  to 
come  to  the  conclusion  that  such  methods  are  logical  and  sen- 
sible? In  other  words,  it  seems  to  me  that  we  must,  as  a 
society,  admit  that  some  particular  course  which  can  be 
divised  is  the  course  which  we  are  willing  to  back  unitedly 
in  its  presentation  to  Congress.  So  I  would  favor  emphatic- 
ally this  society  taking  a  stand  in  a  united  manner  before 
Congress.  It  seems  to  me  that  it  must  be  possible  with  the 
number  of  engineers  that  are  available  for  work  of  this  kind 
to  find  a  solution  that  would  at  least  appeal  to  the  mind  of 
the  engineer,  even  though  it  does  not  appeal  to  the  mind  of 
the  person  who  wants  the  money  for  his  particular  institution. 
D.  D.  Ewing:  Mr.  Chairman,  I  agree  with  Dean  Eaymond 
that  this  matter  is  hardly  one  mete  for  discussion  here. 
It  sounds  to  me  as  though  this  meeting  was  headed  toward 
one  discussion  university  administration,  and  if  that  is  the 
case,  I  think  we  are  out  of  order  discussing  it.  I  think,  speak- 
ing as  a  land  grant  college  man,  that  the  land  grant  colleges 
know  what  they  want  pretty  well.  The  trend  of  this  meet- 
ing is  toward  something  which  the  administration  authorities 
of  the  land  grant  colleges  may  not  approve.  In  other  words, 
we  are  being  asked  to  get  together  and  vote  on  something 
which  is  not  likely  to  meet  the  approval  of  our  superior 
officers. 

Secretary  Bishop:  Mr.  President,  I  come  from  a  section  of 
the  country  which  is  vitally  interested  in  Engineering  Re- 
search. Personally,  I  have  the  supervision  of  the  research 
of  a  very  large  corporation.  In  connection  with  that  work 
there  are  many  factors  which  we  would  like  to  have  deter- 
mined, and  which  should  be  determined  by  Federal  and 
State  aid  and  not  by  individual  corporations.  Information 
so  obtained  should  be  public  property  and  not  private  prop- 
erty. I  have  in  my  files  results  which  would  be  of  immense 
value  if  they  had  been  obtained  through  Federal  or  State 
aid.     Thej'  are  now  the  private  property  of  a  company.     I 
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take  it.  in  discussing  this  matter  with  the  representatives  of 
large  corporations,  that  Federal  and  Stat^  aid  is  going  to  be 
given  to  research. 

Now,  it  is  not  at  all  necessary  that  either  land  grant  col- 
leges or  state  universities  have  anything  whatsoever  to  do 
with  the  Federal  and  State  Kesearch  Experiment  Stations. 
I  hope  that  question  will  not  come  here  at  all.  I  do  not  want 
to  see  this  problem — although  I  have  discussed  it  with  Dean 
Potter  and  Dean  Raymond  and  others — I  do  not  conceive 
that  the  problem  which  comes  before  this  society  is  one  of 
the  adjustment  between  the  land  grant  colleges  and  the  state 
university,  but  it  is  one  in  which  all  teachers  of  engineering 
must  be  vitallj-  interested.  Our  whole  profession  is  based  on 
research.  This  country  lagged  behind  in  research  up  to  very 
recently,  due  to  the  lack  of  cooperation  of  the  Federal  and 
State  Governments  in  engineering  research.  The  big  cor- 
porations are  developing  research  laboratories  with  amazing 
rapidity.  The  information  obtained  in  these  is  private  and 
confidential.  It  should  be  public.  Surely  there  is  no  or- 
ganization in  the  world  so  much  interested  in  the  develop- 
ment of  research  and  Federal  and  State  and  of  research,  as 
this  organization.  I  hope  that  this  may  be  discussed,  not 
simply  at  this  session,  but  at  a  good  many  sessions,  until  some 
logical  development,  some  logical  solution  of  this  matter  can 
be  reached.  I  am  reliably  informed  that  the  present  Con- 
gress would  pass  a  Federal  Aid  bill  of  engineering  research 
if  a  group  of  men.  such  as  this,  vitally  interested,  that  knows 
the  problems  of  engineering  research,  presented  a  proper 
solution.  Surely,  we  are  not  going  to  overlook  an  opportunity 
as  great  as  this.  I  do  not  conceive  it  has  anything  to  do  with 
any  type  of  institution.  It  is  a  big.  separate  problem.  The 
society  is  for  the  promotion  of  engineering  education,  based 
upon  engineering  research. 

F.  W.  Sperr:  Mr.  Chairman.  I  think  it  is  very  unfortunate 
tliat  the  question  of  to  whom  these  funds  should  go  has  been 
injected  in  this  question.     I  wonder  who  said  that  the  fund 
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should  go  to  a  state  university  or  the  agricultural  colleges, 
or  to  institutions,  of  the  type  of  the  Mellon  Institute.  These 
questions,  I  conceive,  this  society  has  nothing  to  do  with  and 
should  not  consider,  but  the  questions  should  solely  be  put  on 
Federal  aid  for  engineering  experimentation  and  research, 
and  let  those  who  give  the  aid,  or  some  government  authority, 
designate  where  and  how  that  research  should  be  conducted, 
and  let  it  be  public  property,  as  Dean  Bishop  says. 

Dean  Raymond:  Mr.  Chairman,  Dean  Cooley,  was  unable 
to  find  a  copy  of  the  proposed  measures,  and  suggests  that  I 
state  the  fundamental  differences  between  this  measure  and 
the  others  that  have  been  presented.  I  am  not  sure  that  I 
can  do  that  entirely  from  memory.  I  have  not  seen  the 
measure  for  some  weeks,  but  the  fundamental  principle  is 
that  Federal  aid  should  be  extended  to  the  individual  and 
the  institution  having  a  problem  to  solve  that  is  deemed  to  be 
worthy  of  solution.  The  proposition  is  to  finance  the  indi- 
vidual and  the  job,  when  the  individual  and  the  job  appear, 
whether  it  be  in  industry,  in  a  privately  endowed  institution 
of  learning,  or  a  publicly  supported  institution.  It  is  folly, 
I  think, — at  least  we  thought  so  in  formulating  this  bill, — -to 
spread  broadcast  a  certain  amount  of  money  over  the  country 
to  be  frittered  away,  here,  there  and  the  other  place,  where 
work  in  this  line  is  not  done,  or  where  the  persons  do  not 
exist  competent  to  do  what  is  to  be  done.  Not  everybody  is 
competent  to  do  research.  There  are  only  a  few  people  who 
can  do  that  sort  of  thing. 

Dean  Cooley  seems  to  have  found  this  bill.  It  is  some- 
what marked,  and  I  am  not  sure  whether  it  is  the  last  form 
or  not. 

That  is  the  substance  of  the  bill.  It  puts  the  matter  up  to 
the  only  National  body  I  know  anything  about  that  is  com- 
petent, to  decide  general  questions.  It  takes  it  out  of  poli- 
tics, so  far  as  it  is  possible  to  take  it  out  politics,  and  removes 
the  whole  matter  from  institutional  jealousies  or  differences, 
and  as  far  as  I  can  see,  it  does,  as  suggested  by  Mr.  Magruder, 
17 
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make  a  statesmanlike  document  in  so  far  perhaps  as  an  en- 
gineer is  capable  of  writing  such  a  document. 

Chairman  Howe:  Although  the  close  of  this  discussion  has 
arrived,  I  have  asked  the  President  to  permit  me  to  say  a 
few  more  words  from  the  floor  after  he  has  taken  the  chair, 
and  he  has  finally  agreed  to  do  so. 

(President  Greene  resumed  the  Chair.) 

President  Howe :  Of  eoui*se.  as  chairman  of  the  Committee. 
I  have  had  to  think  a  good  deal  about  this  question,  and  it 
seems  to  me  the  committee  is  up  against  these  special  bills 
and  can  not  do  anything  with  them  in  the  way  in  which  they 
now  stand,  and  I  have  been  interested,  as  has  Dean  Raymond, 
and  a  number  of  others,  in  this  aspect  of  the  question. 

I  am  speaking  for  myself  personally,  not  for  the  committee, 
because  the  committee  has  not  had  a  meeting.  It  seems  to 
me  this  organization  is  interested  in  engineering  research, 
and,  therefore,  can  well  take  up  this  question.  I  wish  we 
might  discuss  it  entirely  from  the  standpoint  of  research  and 
not  from  any  selfish  consideration.  TVhen  I  say  selfish  consid- 
eration. I  am  not  using  that  word  in  a  critical  sense.  It 
is  evident  that  the  bills  which  have  been  introduced  in  Con- 
gress are  selfish  bills,  that  is,  they  are  intended  to  promote 
the  interests  of  certain  institutions. 

Is  it  possible  for  us  to  get  away  from  that  in  discussing 
research,  and  take  the  whole  subject  in  a  manner  which  will 
best  promote  research,  and  will  not  promote  anything  else. 
Dean  Ra^^nond's  bill  covers  part  of  this.  It  does  not  cover 
every  thing  I  have  had  in  mind.  I  wish  to  say  a  word  about 
what  I  have  thought  of.  The  latest  bill  proposes  that  $30-, 
000  be  given  each  year  to  each  state.  That  means  that  forty- 
eight  states  must  each  find  a  man  who  is  a  strong  man  in 
research.  Personally,  I  do  not  believe  that  they  can  do  it. 
A  big  research  man  is  a  rare  thing  in  this  country',  and  I  do 
not  believe  every  institution  has  a  strong  man  to  take  charge 
of  research.  Again,  when  a  strong:  man  is  found  he  must  be 
paid  a  good  big  salary.     When  we  consider  everything  that 
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must  come  out  of  the  thirty  thousand  dollars,  it  will  not 
amount  to  very  much  for  research.  It  will  be  a  mere  baga- 
telle, is  will  not  amount  to  anything  at  all.  We  must  have 
large  sums  of  money  if  we  are  going  to  carry  on  research  in  a 
big  fashion  as  this  government  ought  to  do.  I  would  like  to 
see  a  research  department  started  with  headquarters  in  Wash- 
ington, something  that  would  be  like  the  Bureal  of  Mines,  or 
the  Geological  Survey,  or  the  Bureau  of  Standards,  a  great 
organization  with  a  large  sum  of  money  placed  under  its  con- 
trol, the  use  of  which  would  not  be  confined  to  any  one  state, 
or  any  one  section  of  the  country.  Then  I  believe  we  could 
get  some  big  results  in  engineering  research.  I  would  like 
also  to  see  that  organization  given  authority  to  establish  sub- 
stations in  different  parts  of  the  country.  If  there  are 
problems  peculiar  to  the  Pacific  Coast,  why  should  not  a  sub- 
station be  established  along  the  Pacific  Coast,  but  entirely  sub- 
ordinate to  the  Bureau  in  "Washington?  If  there  is  a  prob- 
lem peculiar  to  the  Southern  states,  why  shouldn't  there  be  a 
branch  there?  At  the  same  time  I  would  like  to  see  that 
body  given  the  power  to  assign  to  any  institution  or  any 
person  in  any  part  of  the  country  problems  which  they  or  he 
were  particularly  qualified  to  solve.  It  has  been  said  here 
that  one  of  the  difficulties  of  research  work  is  that  we  do 
not  know  what  is  going  on  in  other  places.  If  there  is  one 
organization  in  charge  of  all  these  matters,  we  shall  know 
because  the  publications  will  tell  us  what  it  is  going  on,  and 
in  that  case,  there  will  be  no  useless  duplication  of  research. 
It  would  seem  to  me  that  we  would  then  carry  on  research  in 
the  broadest  kind  of  a  way,  and  we  would  have  a  research 
bureau  of  the  same  sort  as  the  other  bureaus  at  Washington 
which  conduct  governmental  business  on  a  large  scale.  There 
would  be  no  selfish  consideration  in  this,  because  it  would 
not  affect  any  individual  or  institution  for  his  or  its  benefit. 
Let  me  say  again  these  thoughts  are  mine  and  have  not  been 
acted  on  by  the  committee.  In  fact.  I  have  not  spoken  to  the 
committee  in  regard  to  them. 
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Dr.  A-  L.  Williston  proposed  the  following  resolution  which 
upon  motion  was  accepted: 

*^  Besolved,  That  it  is  the  sense  of  this  meeting  of  the  So- 
cietT  for  the  Promotion  of  Engineering  Education  that  the 
Committee  on  Engineering  Experimentation  proceed  with  its 
stadv  of  plans  for  the  furtherance  of  Engineering  Investiga- 
tion and  Research,  and  that  it  endeavor  to  harmonize  the 
difference  of  the  existing  plans  for  this  purpose,  if  possible, 
or  if  this  be  found  impracticable,  that  it  recommend  some 
plan  of  its  own  for  consideration  of  this  Society  at  a  future 
meeting. ' ' 


ENGINEERING  RESEARCH. 

BY  ALBERT  E.  WHITE, 

Professor  of  Chemical  Engineering,  University   of  Michigan. 

For  many  years  it  has  been  well  recognized  that  two  dis- 
tinct functions  of  a  university  were  the  training  of  youth  and 
research.  Just  why  research  has  been  considered  a  desirable 
and  necessary  function  of  university  activity  is  possibly  prob- 
lematical. It  doubtless  grew  out  of  the  belief  that  the  univer- 
sity is  the  source  of  information  and  that  new  information 
and  accuracy  of  all  information  can  only  be  ascertained  and 
checked  b}^  research, 

Preceedmg  the  outbreak  of  the  Great  War  the  value  of  high 
grade  research  work,  the  results  of  which  might  benefit  hu- 
manity directly,  was  beginning  to  be  appreciated.  It  was 
customary  for  most  colleges  and  universities  to  accept  fel- 
lowships on  condition  that  the  subject  of  the  same  was  one 
jointly  chosen  -by  the  donnor  and  the  university.  Many  of 
these  fellowships  assumed  a  distinctly  practical  tone  though 
the  solutions  of  the  problem,  or  problems,  involved  work  dis- 
tinctly technical  and  scientific  in  character  and  called  for 
scholarship  of  a  high  grade. 

This  class  of  research  work  received  a  distinct  impetus 
during  the  progress  of  the  Great  War.  Practically  all  of  the 
trench  warfare  material,  practically  all  of  the  chemical  war- 
far  material,  and  much  of  the  work  in  aircraft  was  based  on 
the  results  of  research.  The  same  is  true  with  regard  to  the 
development  of  tanks  and  tractors  and  improvements  in 
heavy  artillery,  although  these  latter  were  of  a  much  less 
spectacular  character  than  were  those  just  previously  men- 
tioned. These  researches  involved  the  expenditure  of  mil- 
lions, yes  billions  of  dollars.    Much  of  it,  we  must  admit,  was 
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wasted  if  we  consider  the  results  obtained  but  if  we  appreci- 
ate the  conditions  under  which  it  was  necessary  to  carry  on 
this  work  it  is  questionable  if  any  sound  thinking,  patriotic 
American  citizen  would  for  one  moment  consider  that  one 
cent  of  this  money  had  been  wasted.  Such  waste  as  there  was 
we  can  charge  back  to  ourselves  for  permitting  other  nations 
to  be  more  fully  informed  with  regard  to  matters  on  which 
progress  and  safety  depends  then  were  we. 

At  the  signing  of  the  Armistice,  everyone  realized  the  sig- 
nificance and  the  truth  of  the  statements  just  made.  "We 
were  then  all  keen  for  research  work.  We  realized  the  mis- 
takes we  had  made  in  not  enabling  our  government  to  per- 
form research  work  at  a  time  when  the  same  could  be  carried 
on  in  a  sane  and  thoughtful  manner.  Manufacturers  in 
Michigan  appreciated  this  condition  so  strongly  that  in  Feb- 
ruary, 1919,  the  Michigan  Manufacturers'  Association  brought 
to  the  attention  of  the  regents  of  the  University  of  Michigan 
the  desirability  of  establishing  closer  relationship  between 
the  university  and  the  industries  of  the  state,  realizing  that 
in  so  doing  an  appreciable  degree  of  cooperation  would  be 
through  the  channels  of  research.  This  same  matter  had  been 
brought  to  the  attention  of  the  regents  in  June,  1916,  by  the 
University  of  Michigan's  Chicago  Engineering  Alumni  Asso- 
ciation but  the  stress  of  the  times  followed  by  the  early  en- 
trance of  this  country  into  the  world  war  prevented  the  re- 
gents from  giving  this  matter  consideration  until  the  same 
was  again  brought  to  their  attention  by  the  Manufacturers' 
Association. 

In  answer  to  the  memorial  of  the  Michigan  Manufacturers' 
Association  the  regents  appointed  a  committee  to  consider 
the  question  of  cooperation  and  this  committee  prepared  a 
report  recommending  that  the  same  be  made  effective.  The 
report  of  this  committee  was  acted  upon  by  the  regents  in 
January,  1920,  and  since  that  time  there  has  been  going  on 
progressive,  but  quiet  organization  work  with  regard  to  the 
developmoiit  of  this  department.     The  essential  features  of 
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the  committee's  recommendation  were  the  appointment  of  a 
director,  an  administrative  committee  consisting  of  the  heads 
of  the  civil,  mechanical,  electrical,  marine  and  aeronautical 
engineering  departments  and  the  head  of  the  department  of 
architecture  and  architectural  engineering,  and  an  advisory 
committee  consisting  of  approximately  one  hundred  persons 
selected  from  among  the  leading  manufacturers  of  the  state. 
This  committee  of  one  hundred  has  already  been  selected  and 
its  personnel  has  been  so  picked  that  practically  every  im- 
portant industry  in  the  state  has  representation  and  prac- 
tically every  important  industrial  center  in  the  state  is  rep- 
resented. This  committee  had  its  first  meeting  on  May  27. 
The  purpose  of  this  meeting  was  one  of  organization  and  ac- 
quaintance of  the  members  of  the  committee  with  the  univer- 
sity and  its  equipment.  It  is  expected  that  numerous  meetings 
of  this  committee  together  with  a  committee  of  the  regents 
will  confer  during  the  summer  for  the  purpose  of  perfecting 
details  regarding  the  department. 

Just  what  those  details  will  be  are  at  present  more  or  less  a 
matter  of  conjecture.  It  is  quite  probable,  however,  that  the 
university  will  not  deem  it  adfvisable  to  accept  any  research 
work,  the  results  of  which  can  not  be  made  public  nor  will 
it  accept  research  work  the  results  of  which  would  be  subject 
to  patenting  for  private  interests. 

Doubtless  many  of  you  are  wondering  how  this  department 
will  be  financed.  That  is  a  question  some  of  us  even,  who  are 
intimately  connected  with  the  work,  are  asking.  We  are  ask- 
ing it  not  because  we  have  any  doubt  regarding  the  financing 
but  because  the  method  which  will  be  employed  is  one  for 
deliberation  and  consideration.  There  are  a  number  of  ways 
for  bringing  this  about.  One  is  by  a  special  appropriation 
by  the  legislature  in  case  they  appreciate  the  needs  for  re- 
search and  we  have  no  reason  to  believe  at  the  present  time 
that  they  do  not  so  appreciate  the  needs.  Another  way  is  by 
subscriptions  received  from  among  the  manufacturers  of  the 
state  and  the  third  is  by  joint  action  olthe  state  and  the  manu- 
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facturers.  A  fourth  is  one  resulting  from  the  gradual  de- 
velopment of  the  department  bringing  with  it  increasing  fees 
and  funds  which  will  enable  the  proper  carrying  on  of  the 
work.  It  is  quite  possible  that  this  latter  procedure  will  be 
the  one  employed  at  the  start  although  it  will  doubtless  not  be 
long  before  proper  facilities  for  the  carrying  on  of  extensive 
work  will  be  necessary  and  to  obtain  these  one  of  the  first 
three  procedures  mentioned  will  be  necessary.  However,  the 
matter  of  financing  is  not  one  on  which  those  of  us  engaged 
in  teaching  at  the  university  are  giving  deep  consideration 
for  we  expect  that  the  advisor}-  committee  will  give  good  sound 
council  on  this  matter  and  that  they,  in  conference  with  the 
regents,  will  be  the  ones  who  will  determine  the  procedure 
proper. 

Various  parties  have  asked  whether  or  not  the  work  of  such 
a  department  would  not  duplicate  work  done  through  vari- 
ous government  channels  such  as  the  U.  S.  Bureau  of  Stand- 
ards, the  U.  S.  Bureau  of  Mines,  the  Department  of  Agricul- 
ture, etc.  To  those  who  have  raised  this  question,  we  would 
say  that  it  is  jiot  the  purpose  nor  the  object  of  this  department 
to  duplicate  any  work  now  being  carried  on.  Those  of  us  who 
are  in  touch  with  manufacturing  know  the  tremendous  de- 
velopments which  have  taken  place  in  it  in  the  last  few  years 
and  realize  that  with  this  development  there  have  been  in- 
creasingly greater  numbers  of  research  problems  presented. 

It  is  not  the  purpose  of  this  department  to  undertake  work 
which  is  of  a  routine  character  because  it  believes  that  each 
individual  establishment  can  carry  on  such  work  to  better 
advantage  than  can  this  department. 

There  is  no  question  in  our  minds  but  that  educational  in- 
stitutions have  been  backward  with  regard  to  their  relation- 
ship to  industries.  Our  agricultural  colleges  have  been  doing 
excellent  work  in  their  relationship  to  the  agricultural  needs 
whereas  there  have  been  few  endeavors  on  the  part  of  uni- 
versities and  engineering  colleges  to  cooperate  with  industries. 
This  condition  is  true  in  spite  of  the  fact  that  the  wealth  of 
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the  country  has  increased  many  fold  from  its  industrial  work. 
For  example,  the  value  of  manufactured  products  in  the  state 
of  Michigan  in  1914  was  $1,086,162,432.  In  1919,  just  five 
3^ears  later  the  value  of  manufactured  products  is  estimated 
at  $2,600,000,000.  These  figures  are  given  not  because  they 
relate  to  Michigan  but  because  they  happen  to  be  available  and 
illustrate  the  point  in  question,  namely,  the  great  value  of  in- 
dustrial products.  That  we  have  been  laggard  in  our  coopera- 
tian  is  due  to  both  the  industries  and  the  universities.  The 
one  has  been  so  busy  creating  wealth  that  it  has  not  realized 
the  vast  store  of  possibilities  in  our  universities  and  the  other 
has  been  so  engaged  in  the  educational  program  of  the  youth 
that  it  has  not  found  time  to  study  industrial  needs. 

To  be  sure  we  must  realize  at  all  times  that  the  educatioii 
of  our  youth  who  come  to  our  universities  and  colleges  must 
be  properly  safeguarded.  It  behooves  those  in  authority, 
such  as  our  deans  and  our  presidents,  to  see  that  in  coopera- 
tion between  the  industries  and  the  universities,  our  youth  do 
not  suffer.  Those  of  us  who  are  following  the  work  at  Michi- 
gan anticipate  that  through  additions  to  the  staff  and  through 
definite  assignments  of  work,  the  youth  in  our  university  will 
be  benefitted.  They  will  have  contact  with  bigger,  abler,  and 
broader  men  and  they  will  have  facilities  in  the  way  of  equip- 
ment for  the  carrying  on  of  research  in  the  magnitude  to 
which  the  field  is  entitled,  which  they  do  not  now  possess. 

This  has  been  a  brief  presentation  of  the  subject.  No  at- 
tempt has  been  made  to  speak  of  research  work  in  general 
throughout  the  country,  in  fact  that  matter  has  been  very 
ably  handled  in  a  paper  presented  by  your  president  before 
the  American  Society  of  Mechanical  Engineers  in  June,  1919. 
This  presentation  has  been  confined  quite  largely  to  condi- 
tions as  they  exist  at  the  University  of  Michigan.  The  matter 
is  presented  in  the  hope  that  some  of  the  statements  made 
may  be  of  assista-nce  and  value  to  all  of  you  whom  we  know 
are  giving  so  much  time  and  thought  to  this  matter. 


A  COOPERATIVE  COURSE  IN  ELECTRICAL  ENGI- 
NEERING  CONDUCTED   BY   MASSACHUSETTS 
INSTITUTE  OF  TECHNOLOGY  AND  GEN- 
ERAL ELECTRIC  COMPANY. 

BY  W.  H.  TIMBIE, 

Associate   Professor   in   Electrical   Engineering,   Massachusetts   Institute 

of  Technology. 

The  educational  scheme  known  as  the  Cooperative  Plan  is 
not  new  in  itself.  That  there  are  distinct  advantages  in  ac- 
quiring theory  and  practice  at  the  same  time  has  long  been 
recognized,  and  several  technical  schools,  notably  those  abroad, 
have  been  operating  on  this  plan  for  several  years.  The  Col- 
lege of  Science  and  Arts  in  Glasgow,  the  Faraday  House  in 
London,  and  the  University  of  Copenhagen  in  Denmark,  are 
well-known  examples.  In  this  country  we  are  indebted  to  Dr. 
Herman  Schneider  for  inaugurating  the  cooperative  work  at 
the  University  of  Cincinnati.  Courses  similar  in  detail  have 
been  operated  by  the  University  of  Pittsburgh  and  by  Mar- 
quette University  at  Milwaukee.  The  only  excuse  we  have  for 
coming  before  you  with  the  Technology  Cooperative  Course 
in  Electrical  Engineering  is  that  it  differs  in  several  important 
re.speets  from  the  cooperative  schemes  of  other  institutions. 
It  is  these  differences  that  I  wish  to  call  to  your  attenion.  and 
explain  reasons  for  their  existence. 

It  should  be  said  at  the  very  beginning  that  the  cooperative 
course  herein  described  was  not  planned  for  the  purpose  of 
training  electrical  engineers  in  every  field ;  and  it  does  not 
take  place  of  our  old  and  well-established  electrical  engi- 
neering course,  but  is  an  addition  thereto  for  a  collateral  ob- 
ject. In  fact,  at  present  its  scope  is  rather  limited.  It  is 
avowedly  an  effort   at  intensive  education  and  training  of 
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electrical  engineers  to  meet  a  specific  demand.  Perhaps  the 
easiest  way  to  describe  just  the  field  that  these  men  are  being 
trained  for  is  to  consider  for  a  moment  the  various  fields  in 
which  electrical  engineers  are  needed.  We  can  roughly  di- 
vide electrical  engineers  into  three  rather  arbitrary  divisions : 

First,  the  consulting  engineer,  who  is  usually  attached  to 
one  or  more  electrical  companies  or  users  of  electrical  power, 
to  advise  them  in  cases  where  expert  electrical  knowledge  is 
needed. 

Second,  the  administrative  engineer  who  may  have  a  large 
financial  responsibility  in  addition  to  his  duties  as  electrial 
engineer.  Such  a  man  would  be  called  upon  to  take  the  re- 
sponsibility for  the  electrical  end  of  any  project  in  the  de- 
velopment and  utilization  of  electrical  power.  In  fact,  both 
of  these  first  two  types  are  more  closely  connected  with  the 
development  and  administration  of  projects  for  using  electric 
power  than  with  the  manufacture  of  the  machinery  involved 
in  such  projects  and  are  in  fields  which  are  of  themselves  of 
tremendous  magnitude,  breadth  and  importance. 

In  the  Third  division,  then,  belongs  the  engineer  who  is  in- 
timately connected  with  the  design  and  manufacture  of  elec- 
tric machinery  and  accessories.  He  superintends  the  design 
and  manufacture  of  most  of  the  apparatus  used  by  the  other 
two  types.  His  qualifications  call  for  an  intimate  knowledge 
of  the  best  manufacturing  processes  and  a  thorough  training 
in  modern  research  methods — to  which  must  often  be  added 
the  ability  for  creative  design.  This  is  the  engineer  that  the 
Massachusetts  Institute  of  Technology  is  endeavoring  to  train 
by  means  of  its  cooperative  course  in  electrical  engineering. 

And  he  is  not  confined  to  manufacturing  electrical  appli- 
ances. This  is  the  engineer  that  will  be  needed  in  ever- 
increasing  numbers  as  the  country  turns  more  and  more  to  the 
manufacturing  industries  in  order  to  sustain  itself.  The 
alarming  rate  at  which  the  natural  resources  of  tKe  country 
are  being  depleted  has  made  it  imperative  that  the  country  at 
large  eventually  rely  almost  entirely  upon  its  manufactures. 
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No  longer  can  we  depend  upon  our  exports  of  raw  materials  to 
pay  our  bills.  These  raw  materials — lumber,  ores,  and  oils — 
must  be  manufactured  into  finished  products  if  the  living 
expenses  of  the  population  are  to  be  met.  Our  water  powers 
must  be  utilized  and  new  methods  of  using  our  oil  and  coal 
more  efficiently  must  be  devised.  In  all  this  work,  manufac- 
turing engineers  of  the  highest  type  are  needed,  and  become 
the  most  valuable  asset  of  the  country.  It  is  these  men  who 
in  the  last  analysis  must  direct  the  operation  of  the  nation's 
industries.  For  our  industries  cannot  compete  with  those  of 
other  countries  unless  they  are  conducted  by  men  who  have 
large  vision,  intimate  knowledge  of  manufacturing  details, 
and  a  thorough  training  in  science  and  scientific  methods. 
Manufacturing  must  be  conducted  on  a  sound  financial  basis, 
which  means  that  processes  of  production  must  be  so  managed 
that  the  total  cost  of  the  finished  article  will  be  low  enough  to 
compete  with  the  products  of  foreign  factories.  For  this  task 
the  services  of  an  engineer  who  has  a  thorough  knowledge  of 
manufacturing  processes  are  invaluable  and  his  duties  multi- 
farious. He  must  not  only  be  familiar  with  the  best  methods 
of  production,  but  he  must  thoroughly  understand  scientific 
research,  in  order  that  he  may  take  advantage  of  new  dis- 
coveries and  continually  better  his  methods  of  production. 
This  cannot  be  stated  better  than  in  the  words  of  the  Governor 
of  Massachusetts,  Calvin  Coolidge.  "Our  prosperity  comes 
from  our  industry  and  our  industry  cannot  flourish  unless  it 
is  directed  with  the  highest  intelligence.  Far  more  in  the 
future  than  in  the  past  will  this  intelligence  call  for  sound 
training  in  science  and  in  its  innumerable  applications  to  in- 
dustry. ' ' 

The  General  Electric  Company,  as  well  as  other  large  manu- 
facturing concerns,  for  years  have  felt  the  lack  of  this  type 
of  engineer.  They  have  endeavored  to  train  up  in  their  own 
organization  a  corps  of  men  sufficient  to  fill  the  ever  increas- 
ing number  of  positions  of  this  kind.  Now  the  General  Elec- 
tric Company  employs  65,000  men  and  yearly  puts  out  a  man- 
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ufactured  product  whose  market  value  is  over  $250,000,000. 
From  these  figures  you  can  gain  some  idea  of  the  quota  of 
manufacturing  engineers  needed  by  this  one  company.  The 
normal  growth  of  the  company  averages  18  per  cent  per  year. 
To  take  care  of  this  increased  business  there  is  needed  an  in- 
creased force  of  engineers.  When  we  add  to  this  number  the 
inevitable  replacements  necessary  each  year,  some  idea  is 
gained  of  how  great  is  the  task  of  training  a  sufficiently  large 
corps  of  these  high  grade  engineers.  Every  large  manufac- 
turing concern  admits  its  inability  to  obtain  a  sufficient  num- 
ber of  these  men  to  meet  the  yearly  demand,  especially  as  the 
graduate  from  the  usual  mechanical  engineering  and  electrical 
engineering  course  requires  much  additional  training  and  ex- 
perience before  he  is  a  good  manufacturing  engineer. 

The  cooperative  electrical  engineering  course  at  the  Massa- 
chusetts Institute  of  Technology  is  an  attempt  on  the  part  of 
the  General  Electric  Company  and  the  institute  to  solve  this 
problem.  In  this  plan  the  students  have  the  advantage  which 
the  institute  offers  in  the  way  of  theoretical  and  technical 
training  combined  with  the  enormous  resources  which  the 
General  Electric  Company  offers  for  practical  experience  in 
the  manufacture  of  electric  appliances.  Most  of  the  theore- 
tical training  is  given  at  Cambridge.  The  greater  part  of  the 
practical  training  is  given  at  Lynn,  a  distance  of  about  ten 
miles  from  Cambridge.  The  course  is  supervised  by  a  joint 
committee  of  the  institute  and  the  company.  A  professor  of 
the  institute  is  associated  with  an  officer  of  the  company  in  the 
duty  of  supervising  the  progress  of  the  students  while  at  the 
Lynn  Works. 

The  course  covers  a  period  of  five  years,  the  first  two  years 
being  identical  with  the  regular  course  in  electrical  engineer- 
ing at  the  institute ;  the  last  three  years  being  divided  between 
the  instruction  in  theory  at  the  institute  and  training  in  man- 
ufacturing methods  at  the  General  Electric  Company.  The 
cooperative  features  thus  occupy  only  the  last  three  ^ears, 
starting  in  the  summer  after  the  sophomore  year. 
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While  at  the  works  the  students  are  given  a  fixed  payment 
per  week  as  employees  of  the  company,  which  payment  is  the 
same  whatever  department  of  the  works  may  be  the  one  to 
which  the  student  is  assigned.  At  the  completion  of  the  five 
years  course  the  students  receive  the  Master  of  Science  degree 
and  the  Bachelor  of  Science  degree  their  graduation  taking 
place  at  the  regular  commencement  time  at  the  institute. 

The  first  class  was  limited  to  thirty  members.  The  class 
which  enters  July  6  this  year  will  consist  of  sixty.  The  size 
of  future  classes  may  be  still  greater. 

The  first  week  in  July,  the  entire  class  who  have  just  com- 
pleted their  sophomore  year  are  sent  to  the  General  Electric 
Company's  works  at  Lynn  and  placed  in  various  shops.  Here 
they  remain  for  thirteen  weeks.  At  the  opening  of  the  fall 
term  at  the  institute,  one  half  of  the  students  return  to  Cam- 
bridge and  pureue  for  one  term  what  is  practically  tbe  regular 
course  in  electrical  engineering.  At  the  end  of  this  term  they 
have  a  vacation  of  two  weeks  and  then  go  back  to  the  works  of 
the  General  Electrical  Company  for  further  experience.  The 
other  group  now  returns  to  the  institute  for  further  theoreti- 
cal instruction.  This  schedule  is  carried  out  for  three  years, 
each  group  spending  alternately  thirteen  weeks  at  the  General 
Electrical  Company's  plant  and  eleven  weeks  at  the  institute. 
The  vacation  of  two  weeks  given  the  students  at  the  end  of 
their  period  at  the  institute  divides  the  year  into  four  equal 
periods  of  thirteen  weeks  each.  The  last  period  of  the  fifth 
years,  is  spent  by  both  groups  at  the  institute  so  that  the  two 
groups  graduate  together  at  the  regular  commencement  time. 
Yet  each  group  has  spent  an  equal  number  of  weeks  in  theo- 
retical instruction  arid  practical  application. 

Now  as  to  the  points  of  difference  between  this  and  other 
cooperative  courses.  No  doubt,  on  the  surface,  the  most  strik- 
ing feature  is  in  the  length  of  the  periods.  This,  however,  is 
perhaps  the  least  important  difference.  It  was  endeavored 
to  arrange  the  details  of  the  course  so  that  they  would  fit  into 
a  svstem  of  education  which  the  founders  believe  is  basic. 
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This  system  combines  the  rudiments  of  Spencer's  theory  of 
education  with  the  central  idea  of  Josiah  Royce's.  It  is  an 
endeavor  to  develop  all  the  desirable  sides  of  a  student's  mind, 
character,  and  body,  and  at  the  same  time  inculcate  in  him  the 
spirit  of  loyalty  to  his  life's  work.  The  course  had  to  be 
planned  so  that  these  several  activities  would  be  carried  on 
uninterruptedly  throughout  those  periods  which  the  student 
spends  at  the  institute  and  at  the  works.  You  will  note  that 
in  the  scheme  as  outlined,  the  following  activities  are  carried 
on  continuously  throughout  the  course :  Instruction  is  given 
in  theory,  classes  are  conducted  in  some  humanistic  study, 
time  is  given  and  facilities  provided  for  collaterial  reading, 
and  arrangements  are  made  for  physical  exercise  and  recre- 
ation. The  change  therefore  at  the  end  of  each  period  does 
not  mean  so  much  a  change  in  occupation  as  a  change  in 
emphasis  and  the  length  of  the  periods  thus  becomes  a  rather 
unimportant  detail. 

The  period  of  thirteen  weeks  at  the  shop  and  eleven  weeks 
at  the  institute  followed  by  a  vacation  of  two  weeks,  was  de- 
cided upon  for  the  following  reasons.  It  was  believed  that 
the  period  at  the  works  should  be  long  enough  for  the  student 
to  spend  in  each  department  an  uninterrupted  period  of  suffi- 
cient length  to  become  thoroughly  familiar  with  the  men. 
methods,  materials  and  spirit  of  that  department.  In  some 
departments  the  time  required  for  this  amount  is  practically 
three  months,  and  in  others  it  may  be  as  low  as  one  month. 
The  thirteen  weeks'  period  will  therefore  meet  the  conditions 
required  for  those  departments  in  which  he  must  spend  the 
longest  time  and  does  not  prevent  him  from  dividing  his  time 
among  two  or  three  departments  in  case  he  is  able  to  master 
the  details  in  a  shorter  time.  The  same  is  true  concerning  the 
length  of  the  period  at  the  institute.  The  shortest  course  at 
Technology  is  ten  weeks  in  length,  and  all  longer  courses  are 
some  multiple  of  ten  weeks.  The  student  is  thus  able  to  pur- 
sue his  studies  at  the  institute  in  units  of  standard  length. 
Furthermore,  the  fact  was  not  lost  sight  of  that  at  each  change 
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some  time  was  lost  by  the  student  in  getting  started  on  the  new 
work.  Therefore,  the  periods  were  made  of  sufficient  length 
to  keep  the  number  of  changes  as  low  as  practicable.  Finally 
it  was  hoped  that  the  length  of  the  period  had  been  so  chosen 
that  the  sojourn  at  the  works  would  come  as  a  sort  of  mental 
relief  and  recreation  from  the  term's  work  at  the  institute. 
In  fact  it  was  hoped  that  toward  the  end  of  the  term's  work 
the  student  would  begin  to  look  forward  to  the  change  as  a 
welcome  break  in  the  routine  of  study,  and  on  the  other  hand, 
that  the  length  of  the  period  at  the  works  would  be  sufficient 
to  quicken  his  desire  and  appetite  for  further  mental  concen- 
tration and  study.  The  fact  is.  the  thirteen  weeks'  period  has 
proven  that  these  results  have  been  accomplished.  But 
whether  or  not  a  somewhat  shorter  or  longer  period  woiild 
produce  the  same  results  has  not  been  experimented  with,  be- 
cause the  period  of  thirteen  weeks  fits  into  the  institute  calen- 
der in  such  a  way  that  the  periods  spent  at  the  institute  are 
practicably  coincident  with  the  regular  institute  terms.  So 
much  for  the  length  of  period. 

The  real  vital  difference,  it  seems  to  me,  between  this  course 
and  other  cooperative  courses  conducted  in  this  country,  is  the 
fact  that  the  cooperating  company  recognizes  that  for  three 
years  these  students  are  placed  in  its  plant  for  the  particular 
purpose  of  being  educated  and  trained  as  electrical  engineei's 
of  a  particularly  high  grade.  There  is  not  the  slightest  effort 
or  inclination  on  the  part  of  this  company  to  use  these  stu- 
dents for  the  purpose  of  getting  out  greater  immediate  pro- 
duction. It  is  clearly  understood  that  these  students  are  in 
the  shops  and  offices  to  learn,  and  to  learn  thoroughly,  manu- 
facturing methods,  and  the  best  relations  of  labor,  mechanism, 
and  materials  in  high-grade  production.  Because  he  can  best 
obtain  this  knowledge  by  actually  doing  the  work  himself,  and 
because  the  skill  which  he  attains  in  any  process  is  the  only 
fair  indication  of  his  knowledge  of  that  process,  the  student  is 
put  on  the  company's  pay  roll  and  becomes  part  of  its  organ- 
ization.   The  length  of  time  spent  in  each  department  is  regu- 


IN^    ELECTEICAL    ENGINEEEING.  257 

lated  not  by  the  needs  of  that  Department  but  by  the  value 
of  the  experience  to  the  student.  As  soon  as  it  deemed  that 
he  has  all  the  knowledge  of  the  details  of  the  department 
that  a  manufacturing  engineer  should  have,  he  is  immediately 
changed  to  another  department.  This  change  is  made  upon 
consultation  between  the  foreman  of  the  shop,  and  the  officer 
of  the  company,  and  the  professor  of  the  institute,  who  are 
associated  in  conducting  the  course. 

It  is  not  to  be  inferred  from  this  statement  that  the  coopera- 
tive students  do  not  work  as  earnestly  and  as  consistently  as 
the  other  men  in  the  various  departments.  The  cooperative 
students  are  graded  on  the  amount  and  the  quality  of  the 
work  which  they  do  in  the  various  shops  and  as  strong  induce- 
ments to  do  good  work  are  put  before  them  as  are  put  before 
the  regular  workmen.  The  only  difference  between  their  work 
and  that  of  the  other  employees  is  that  the  students'  work  is 
so  laid  out  that  they  receive  a  maximum  amount  of  experience 
from  each  job  and  they  are  kept  at  it  just  long  enough  to 
enable  them  to  become  fairly  proficient  in  the  necessary  oper- 
ations. In  this  way  the  minimum  amount  of  time  is  spent  in 
learning  the  details  of  manufacture  in  the  different  shops, 
testing  departments,  drafting  rooms  and  engineering  offices. 

This  spirit  on  the  part  of  the  cooperating  company,  it  seems 
to  me,  is  the  fundamental  contribution  which  this  cooperative 
scheme  offers  to  engineering  education.  All  the  other  points 
of  difference  between  this  and  other  cooperative  courses  are 
made  possible  and  have  their  origin  in  this  spirit  of  the  Gen- 
eral Electric  Company,  which  we  believe,  is  the  true  coopera- 
tive spirit.  It  is  the  one  factor  which  has  allowed  us  to  carry 
out  the  plans  of  the  originators  and  to  make  such  innovations 
and  experiments  as  we  believe  will  improve  the  curriculum. 
I  will  speak  about  a  few  of  these  innovations  more  in  detail 
later,  but  I  want  it  clearly  understood  that  it  is  not  these 
changes  and  departures  from  the  ordinary  curricula  which 
are  the  important  things  in  this  course,  but  rather  the  real 
cooperation  which  the  General  Electric  Company  has  offered 
18 
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US.  Do  not  think,  however,  that  this  company  has  an  unselfish 
motive  in  this  work.  The  officials  of  the  company  frankly  con- 
concerns  in  the  near  future.  It  was  because  they  believe  that 
by  this  method  they  can  procure  the  future  engineers  who  will 
be  so  badly  needed  by  the  company  and  by  other  industrial 
concerns  in  the  near  future.  It  was  because  they  believe  that 
this  is  the  best  way  to  secure  these  men  that  they  have  entered 
into  this  scheme,  and  after  one  year's  trial  they  report  that 
they  are  more  convinced  than  ever  of  the  value  of  cooperative 
education  conducted  along  these  lines. 

Perhaps  the  spirit  in  which  the  work  is  being  done  is  most 
clearly  manifested  in  the  attitude  which  the  officials  of  the 
company  are  showing  in  their  lectures  on  manufacturing 
methods.  Once  a  week  one  of  the  superintendents  has  the 
students  come  to  his  office  and,  in  an  informal  way,  talks  to 
them  for  an  hour  concerning  the  details  of  the  work  of  which 
he  is  in  charge.  This  feature  was  introduced  into  the  course 
at  the  suggestion  of  one  of  the  superintendents  and  is  given 
entirely  upon  the  superintendent's  own  time.  Some  of  these 
men  have  already  prepared  six  or  seven  talks  on  their  work, 
many  of  them  illustrated  with  lantern  slides ;  some  have  pre- 
pared exhibits  of  the  work  in  the  shops,  showing  the  material 
in  the  different  stages  of  manufacture,  and  arranged  in  order 
of  the  process.  Others  have  arranged  to  have  the  students 
come  to  their  shops  in  small  groups  in  order  to  follow  through 
the  manufacture  of  some  typical  article  of  their  product  so 
that  the  students  may  become  familiar  with  the  output  and 
the  processes  before  the  lecture  is  given.  When  one  stops  to 
think  of  the  amount  of  labor  and  time  that  is  involved  for  the 
superintendent  who  does  these  things,  he  can  appreciate  how 
the  spirit  of  the  oriuinators  of  the  course  has  permeated  tlie 
personnel  of  the  works.  It  also  has  entered  into  the  attitude 
of  the  workmen  themselves.  I  have  been  surprised,  and,  I  as- 
sure you,  agreeably  surprised,  to  receive  rose-colored  reports 
from  the  students  concerning  the  willingness  of  the  workmen 
to  help  them  obtain  information  about  the  pla)it.     It  would 
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seem  impossible  for  twenty-eight  different  personalities  to 
mingle  with  the  men  of  the  shops  and  offices  for  a  whole  year 
and  to  have  not  one  of  them  report  cases  of  grouchiness  on  the 
part  of  the  other  employees  of  the  company.  But  such  has 
been  the  case.  In  fact,  the  boys  report  that  many  times  they 
are  embarassed  by  the  extreme  courtesy  and  eagerness  of  the 
men  to  show  them  all  about  the  work  and  to  demonstrate  and 
explain  the  details  of  particular  processes.  All  these  things, 
it  seems  to  me,  show  the  degree  to  which  the  company  has 
entered  into  this  scheme  as  a  purely  cooperative  project. 

Of  course,  you  must  also  appreciate  that  the  students  have 
done  their  share  in  cooperating.  They  have  in  every  case 
entered  into  the  spirit  and  work  of  the  shops  and  offices  and 
have  quickly  become  a  part  of  the  company.  We  have  paid 
particular  attention  to  impressing  upon  the  students  the  great 
factor  which  human  engineering  plays  in  their  chances  for 
success.  They  are  impressed  with  the  fact  that  nothing  is 
of  more  importance  than  to  understand  the  sterling  qualities 
of  the  men  with  whom  they  are  working,  to  study  and  learn 
how  to  adapt  themselves  to  the  personal  characteristics  and 
eccentricities  of  the  various  foremen  under  whom  they  are 
working — that  these  things  will  be  of  the  utmost  importance 
when  they  are  in  a  position  to  direct  the  work  of  others.  So 
during  their  sojourn  at  the  shop  they  get  experience  not  only 
in  electrical  engineering  but  also  in  human  engineering  and 
each  man's  progress  along  this  line  is  followed  carefully  by 
those  in  charge  of  the  course.  Do  not  get  the  idea  from  this, 
however,  that  the  students  are  in  any  way  coddled.  Here  is 
an  excellent  chance  for  them  to  learn  to  stand  on  their  own 
feet  with  all  kinds  of  fellow  workmen  and  all  kinds  of  fore- 
men, and  they  are. compelled  to  do  so.  Of  course,  they  make 
mistakes  and  occasionally  get  into  trouble,  but  it  is  better  for 
them  to  make  mistakes  and  get  into  these  few  troubles  while 
they  are  still  students  under  the  supervision  of  the  instruct- 
ing staff  of  the  plant  and  school  rather  than  later.  Each  mis- 
take is  used  as  material  to  impress  upon  them  the  value  of 
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human  engineering.  They  are  thus  able  to  learn  valuable  les- 
sons without  having  to  suffer  too  seriously  from  the  mistakes. 

Great  credit  belongs  to  Mr.  Magnus  W.  Alexander,  whose 
initiative  was  a  principal  force  in  the  origination  of  the  plan, 
and  to  Mr.  C.  K.  Tripp,  Superintendent  of  Apprentices,  of  the 
General  Electric  Company,  for  the  excellent  work  they  have 
done  along  these  lines.  They  have  worked  out  highly  success- 
ful methods  for  utilizing  in  the  most  practical  way  all  the 
opportunities  which  the  shop  work  affords  for  education  and 
training  in  the  human  aspect  of  the  job.  To  be  sure,  they 
have  thrown  themselves  enthusiasticallly  into  all  activities  of 
the  work  and  have  brought  to  the  task  experience  of  twenty 
years  in  training  executives.  But  in  the  development  of  the 
humau  side,  I  believe  they  have  contributed  a  particularly 
valuable  feature  to  the  educational  program  of  engineers. 
This  discussion  is  a  little  aside  from  the  point  I  was  trying 
to  bring  out,  but  I  believe  it  shows  how  the  far-sighted  policy 
of  the  Cooperating  Company  allows  us  to  broaden  the  traning 
in  every  desirable  way. 

As  the  third  point  of  difference  from  other  cooperative 
courses,  I  will  mention  the  continuity  of  the  theoretical  studies 
and  humanistic  subjects.  All  through  the  course,  both  while  at 
the  institute  and  during  his  sojourn  at  Lynn,  the  cooperative 
student  is  pursuing  the  study  of  electrical  engineering  theorj*. 
At  the  same  time  he  is  taking  courses  in  the  study  of  English. 
While  the  main  purpose  of  the  latter  is  to  train  the  engineer 
in  more  effective  speaking  and  writing,  it  also  affords  oppor- 
tunities for  enlarging  his  vision  and  creating  new  interests. 
Accordingly  when  a  student  goes  to  the  works  he  continues 
the  study  of  electrical  engineering  just  as  though  he  were  at 
the  institute.  During  this  period,  however,  we  have  found 
that  he  can  comfortably  cover  only  about  half  as  much  ground 
as  he  would  in  a  like  period  at  the  institute.  This  schedule 
calls  for  six  hours  of  study  per  week  and  three  recitation 
hours  for  the  two  subjects,  electrical  engineering  and  English. 
Thus  including  the  one  hour  lecture  given  by  the  shop  super- 
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intendent  each  week,  the  students  spend  four  hours  per  week 
in  recitations  or  lectures.  Their  schedule  at  Lynn,  therefore, 
comprises  the  following: 

48  hours  per  week  in  shop  or  offices. 
4  hours  per  week  in  class  room  work. 
6  hours  per  week  in  preparation  for  class  room  work. 

This  schedule  allows  the  student  to  do  all  his  study  in  three 
evenings  a  week  and  yet  get  to  bed  at  half-past  nine.  There 
is  still  left  for  him  three  weekday  evenings,  Saturday  after- 
noon. Sunday  and  Sunday  evening,  for  collateral  reading  and 
recreation.  At  the  institute  his  schedule  calls  for  a  total  of 
forty-eight  hours  per  week  in  class  room  and  preparation. 
Thus  while  he  is  at  the  work  the  student's  weekly  schedule  is 
increased  from  forty-eight  to  fifty-eight  hours  of  a  combina- 
tion of  shop  work  and  mental  work.  This  schedule  at  the 
works  has  proven  of  advantage  in  two  ways — it  has  made  the 
period  at  L\Tin  contribute  to  the  student's  technical  knowl- 
edge and  literary  appreciation,  and  at  the  same  time  has  kept 
him  in  the  pink  of  condition  mentally.  The  scheme  may  be 
compared  to  the  system  of  physical  training  in  which  intense 
physical  exercise  is  alternated  with  periods  of  lighter  but 
regular  exercise,  which  keeps  the  athlete  at  all  times  on  the  tip 
of  his  toes.  It  has  been  one  of  the  most  gratifying  results  con- 
nected with  the  work  to  find  that  our  fondest  hopes  in  this 
direction  have  been  fulfiilled.  Members  of  the  instructing 
staff  at  the  institute  have  commented  upon  the  fine  mental 
condition  of  the  classes  returning  from  their  thirteen  weeks* 
stay  at  Lynn.  I  believe  the  opinion  is  unanimous  among  their 
professors  that  these  students  are  wide  awake,  have  acquired 
a  keen  appetite  for  study  and  are  entering  into  their  work 
with  a  new  zest.    In  short,  they  have  what  the  boys  call  ''pep. ' ' 

Inasmuch  as  the  material  used  in  the  study  of  English  and 
the  method  of  conducting  the  English  classes  is  unique.  I  be- 
lieve a  word  concerning  this  work  would  be  interesting.  It  is 
a  well  known  fact  that  engineering  students  as  a  class  have  an 
aversion  to  the  studv  of  English  for  its  own  sake.    So  it  was 
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felt  necessary  to  aroiLse  an  interest  in  this  work  before  start- 
ing it.  A  plan  which  was  conceived  by  Professor  H.  G.  Pear- 
son, head  of  the  English  and  history  department  at  the  insti- 
tute was  adopted.  At  the  first  session,  letters  from  successful 
graduates  of  the  institute  were  read  to  the  class.  These  letters 
all  brought  out  the  fact  that  the  higher  the  engineer  rises  in 
his  profession,  the  greater  is  his  need  to  be  able  to  speak  well 
and  to  write  well.  Several  instances  were  cited  where  promis- 
ing engineering  projects  were  turned  down  by  committees  or 
boards  of  directors  because  the  engineers  back  of  the  schemes 
were  unable  to  present  their  side  of  the  ca.se  effectively,  while 
a  lawyer  who  knew  nothing  about  the  engineering  features 
was  able  to  talk  effectively  and  persuasively.  The  class  was 
then  formed  into  a  committee  or  a  board  of  conferees  and  the 
session,  instead  of  being  called  a  recitation  in  English,  was 
called  a  meeting  of  the  board.  At  each  of  its  sittings  one  of 
the  students  presided,  and  two  or  three  members,  acting  as 
a  subcommittee,  presented  a  report  to  the  board  and  advo- 
cated its  adoption.  This  report  generally  consisted  of  some 
engineering  project.  For  instance,  at  a  typical  session,  the 
class  was  formed  into  a  committee  from  a  manufacturing  com- 
pany about  to  build  a  machine  shop  of  a  given  size,  and  re- 
quiring a  definite  amount  of  power  for  lighting,  heating  and 
driving  the  machinery.  Two  members  of  the  cla.ss.  acting  as 
engineers  of  a  company  dealing  in  power  plant  equipment 
and  supplies,  put  before  the  board  the  advantages  of  the  com- 
pany owning  its  own  power  plant.  Two  other  members  of  the 
class  representing  the  local  electric  power  company  advocated 
that  the  board  purchase  central  station  power.  After  the  pres- 
entation of  each  side,  the  class  discussed  the  matter  and  finally 
voted  upon  the  question.  The  presentation  and  discussion  were 
made  without  notes,  except  for  numerical  data,  etc.  At  the 
close  of  the  discussion  an  instructor  in  Engli.sh  criticized  the 
session,  taking  up  such  points  as  the  work  of  the  presiding 
officer,  showing  liow  he  might  have  avoided  some  of  the  difficul- 
ties he  encountered,  and  how  he  might  have  more  easily  extri- 
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cated  himself  from  those  he  did  get  into.  The  effectiveness  of 
the  presentation  of  the  subject  was  taken  up  from  the  gram- 
matical, literary,  and  psychological  standpoints,  the  discussion 
of  the  class  was  commented  upon  from  the  point  of  view  of  its 
relevancy,  and  the  vote  of  the  class  was  criticised  as  to 
whether  or  not  the  class  had  really  voted  upon  the  merits  of 
the  question.  A  member  of  the  engineering  faculty  usually 
discussed  the  whole  subject  from  an  engineering  standpoint, 
generally  as  to  whether  or  not  a  fair  statement  of  the  facts 
had  been  made.  At  the  succeeding  session  of  the  class,  a  writ- 
ten report  was  always  handed  in  to  the  English  instructor  by 
the  men  presenting  the  projects  to  the  class  and  by  the  secre- 
tary of  the  board.  During  the  first  period  at  the  works  every 
man  in  the  class  had  an  opportunity  to  serve  on  two  subcom- 
mittees, to  preside  over  the  meetings  twice,  and  act  as  secre- 
tary twice. 

During  the  second  period  at  the  works,  the  sessions  in  Eng- 
lish took  a  different  tack.  On  the  previous  occasion,  emphasis 
had  been  placed  on  effective  presentation  of  engineering  pro- 
jects in  the  interest  of  some  company  for  which  the  student 
was  supposed  to  be  working.  During  this  term's  work  the 
emphasis  was  laid  upon  the  effective  selling  of  one 's  own  ser- 
vices or  on  interesting  capital  in  one's  own  project.  The  in- 
structor took  the  pains  to  explain  the  purpose  of  this  term's 
work  before  asking  the  students  to  write.  He  showed  them 
that  each  letter  and  each  article  that  they  wrote  was  written 
for  the  purpose  of  producing  a  certain  effect  and  everything 
in  the  letter  or  article  should  add  to  this  eft'ect;  that  any 
piece  of  writing  was  effective  only  in  so  far  as  it  produced  the 
result  that  was  desired.  A  letter  written  for  the  purpose  of 
obtaining  the  writer  a  job,  is  effective  if  it  lands  the  job.  A 
prospectus  written  for  the  purpose  of  selling  goods,  is  effective 
if  it  sells  the  goods.  In  keeping  with  this  idea,  the  instructor 
put  forward  as  the  aim  of  this  term's  work,  effectiveness  in 
writing.  Every  bit  of  writing  done  that  term  was  to  have  a 
definite  purpose  and  be  written  to  produce  a  certain  effect. 
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Such  exercises  as  these  were  used.  "Write  a  description  of  a 
dusty  room  which  will  make  the  reader  sneeze."  "Write  a 
letter  asking  for  an  appointment  that  will  make  the  reader 
really  desirous  of  seeing  you."  When  the  idea  and  aim  of 
this  course  was  understood,  and  the  purpose  of  these  themes 
explained,  interesting  writing  competitions  arose  and  work 
which  formerly  was  looked  upon  as  drudgery  became  an  ex- 
citing contest.  The  class  used  as  a  textbook,  examples  of  force- 
ful writing  contained  in  a  volume  of  short  articles  by  a  well- 
known  reporter. 

I  have  dwelt  at  considerable  length  upon  this  first  year's 
work  in  English  because  I  am  convinced  of  its  importance  to 
engineers.  We  still  have  two  more  years  with  this  class  in 
which  to  continue  the  work,  and  plans  are  being  foinnulated  to 
develop  courses  which  will  so  appeal  to  the  engineering  stu- 
dent that  he  will  put  sufficient  effort  into  the  work  to  make  it 
effective. 

To  go  back  to  the  differences  between  this  cooperative  course 
and  othei*s.  I  should  like  to  mention  as  a  fourth  point  the  pro- 
vision which  is  made  for  further  liberalizing  the  engineering 
student's  education  by  means  of  collateral  reading.  The  plan 
which  was  adopted  for  housing  the  men  lends  itself  very 
readily  to  the  arrangements  for  this  work.  The  students, 
while  at  Lynn,  live  together  at  the  Thompson  Club,  a  fine  old 
residence  which  has  been  remodeled  into  a  club  house  with 
private  rooms  for  individual  study,  an  assembly  room  for 
class  work,  a  library,  a  billiard  room,  shower  baths,  etc.  The 
club  house  forms  a  center  of  activities  and  here  all  class  exer- 
cises are  held.  Advantage  was  taken  of  this  arrangement  to 
equip  the  library  with  a  wide  assortment  of  technical  books 
from  the  institute  library,  and  arrangements  were  made  with 
the  Lynn  Public  Library  whereby  several  shelves  are  kept 
filled  with  books  on  all  sorts  of  subjects  and  in  many  fields  of 
literature.  These  books  are  exchanged  from  time  to  time  for 
others  suggested  by  members  of  the  class  and  by  the  instruct- 
ing staff.    The  sole  aim  of  this  part  of  the  library  is  to  make 
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the  appearance  of  the  books  so  attractive  and  the  subject  mat- 
ter so  interesting  and  so  accessible  as  to  invite  the  men  to  use 
them.  So  important  do  we  consider  this  side  of  the  engineer 's 
education  that  his  program  has  been  laid  out  with  the  definite 
purpose  of  giving  him  an  opportunity  for  reading  outside  of 
the  prescribed  courses.  We  thoroughly  believe  in  the  desir- 
ability of  creating  the  habit  of  general  reading  on  the  part  of 
the  engineer.  This  is  in  line  with  our  conviction  that  if  the 
men  with  engineering  training  can  be  induced  to  bring  this 
training  to  bear  on  public  questions  and  civic  affairs,  a  great 
dynamic  for  good  will  be  put  into  public  life,  a  dynamic  which 
has  behind  it  all  the  power  of  a  highly  trained  mind.  The 
club  library,  together  with  the  material  used  in  the  English 
course,  affords  only  a  beginning,  but  our  efforts  have  met  with 
gratifying  results.  At  this  early  date  there  is  evidence  of  an 
increased  interest  in  public  affairs  and  a  growing  appreciation 
of  good  literature. 

The  fifth  point  of  difference  which  this  course  offers  is  the 
intense  spirit  of  loyalty  which  has  been  inculcated  in  the  mem- 
bers of  this  course;  a  loyalty  to  one  another,  to  the  institute 
and  to  the  cooperating  company.  Several  things  have  con- 
tributed to  bring  these  conditions  about.  First,  the  closest 
connection  has  at  all  times  been  maintained  between  the  insti- 
tute and  the  group  at  the  plant  of  the  cooperating  company. 
On  three  or  four  days  each  week  a  member  of  the  electrical 
engineering  department  of  the  institute  spends  a  half  day  at 
the  plant  visiting  the  various  shops  and  offices  to  which  the 
students  are  assigned,  or  to  which  they  are  to  be  assigned.  In 
this  way,  as  well  as  by  the  direct  contact  which  is  maintained 
in  the  two  sessions  a  week  in  the  class  room,  the  student  is 
made  conscious  of  the  supervision  which  the  institute  exer- 
cises over  his  work  in  the  shop.  To  further  decrease  any  sense 
of  separation  from  the  institute,  there  are  always  to  be  found 
on  the  library  table  copies  of  The  Tech  and  Technology  Re- 
view, two  student  publications  of  the  institute,  which  help  to 
keep  the  students  at  Lynn  in  close  touch  with  the  student  life 
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at  Technology.  Another  feature  which  has  not  only  kept  the 
men  closer  to  the  institute,  but  has  made  a  closer  bond  between 
the  members  of  the  two  groups  of  cooperative  students,  has 
been  the  practice  of  having-  the  group  at  the  institute  visit  the 
Lynn  their  lectures  on  manufacturing  methods.  During  good 
weather  the  department  of  electrical  engineering  furnished 
automobiles  for  the  transportation  of  the  men.  The  members 
of  the  group  at  Lynn  were  also  encouraged  to  make  frequent 
trips  to  the  institute  and  to  enter  into  the  student  activities 
there  wherever  it  was  possible.  For  instance,  on  "Tech 
Night"  at  a  Boston  theatre  the  group  at  the  works  attended 
in  a  body. 

On  other  occasions,  dinners  were  arranged  at  which  one  of 
the  men  acted  as  toastmaster  and  others  were  called  upon  for 
ten  minute  after  dinner  speeches.  These  dinners  not  only 
formed  very  pleasant  occasions  and  knit  the  class  closer  to- 
gether, but  gave  the  students  opportunity  to  try  out  the 
effectiveness  of  their  English  course.  I  know  that  the  older 
men  in  the  audience  who  have  been  bored  nearly  to  death  by 
after-dinner  speeches  wall  not  very  readily  give  their  approval 
to  this  feature,  but  it  must  be  remembered  that  young  men  get 
a  good  deal  of  enjoyment  out  of  such  affairs  and  these  dinners 
were  really  welcomed  as  a  pleasant  break  in  the  routine. 

The  fact  that  these  students  are  all  taking  the  same  course 
at  the  same  institution,  and  are  working  for  the  same  cooper- 
ating company,  and  finally  living  together  under  the  very 
pleasantest  conditions,  quickly  develops  this  three-fold  loyalty. 
It  is  this  loyalty  to  the  institute  and  to  tlie  company,  founded 
upon  the  student's  conviction  that  both  the  institute  and  the 
company  are  planning  the  work  for  his  highest  education  and 
best  welfare  that  in  the  last  analysis  must  be  depended  upon 
to  produce  results  in  the  way  of  conscientious  and  intelligent 
effort  in  delivering  an  honest  day's  work  in  the  plant  and  in 
doing  the  full  quota  of  study.  Finally  the  cooperating  com- 
pany relies  upon  this  loyalty  to  influence  some  of  the  men  in 
each  class  to  remain  with  the  company  after  completing  the 
course. 
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As  the  sixth  point  of  difference  in  conducting  this  work 
should  be  mentioned  the  fact  that  throughout  the  three  years 
students  are  kept  in  the  plant  of  the  same  cooperating  com- 
pany. Under  the  right  conditions  we  feel  that  this  has  its 
decided  advantages,  because  once  the  officials  of  the  company 
have  determined  upon  such  a  policy  as  the  General  Electric 
Company  have  determined  upon  in  connection  with  this 
course,  this  policy  can  be  maintained  and  pursued  in  every 
department  through  which  the  students  pass.  Of  course  the 
company  must  be  of  such  a  size  that  it  has  all  the  departments 
in  which  an  electrical  engineer  needs  experience.  TVe  are 
fortunate  in  our  cooperating  company.  It  designs  and  manu- 
factures electrical  and  mechanical  machinery  and  apparatus 
of  nearly  every  description  and  of  the  widest  range  of  capa- 
cities, and  many  mechanical  devices  large  and  small,  some  of 
the  most  intricate  design,  the  annual  selling  value  of  which 
exceeds  two  hunderd  and  fifty  million  dollars.  Thus  we  are 
able  to  offer  the  student  a  wide  choice  in  the  departments  in 
which  he  is  to  get  his  experience  as  well  as  in  the  particular 
branch  he  desires  to  specialize  in.  This  arrangement  has  the 
advantage  of  offering  the  student  the  same  diversity  of  work 
which  a  large  number  of  smaller  companies  might  offer  him, 
without  the  disadvantage  of  a  lack  of  coordination  in  details 
and  in  educational  ideals. 

The  only  remaining  point  of  difference  I  wish  to  call  to  your 
attention  is  the  unusual  amount  of  theoretical  work  in  the 
course  and  the  fact  that  a  Master's  degree  is  awarded  by  the 
institute  upon  the  completion  of  the  five  years'  work.  From 
the  beginning  of  his  freshman  year  to  the  end  of  his  post- 
graduate year,  the  student  pursues  one  coui-se  after  another  in 
mathematical  physics.  In  the  middle  of  his  sophomore  year 
he  starts  his  work  in  the  principles  of  electrical  engineering 
and  continues  it  without  a  break  four  terms  a  year  for  the 
remaining  three  and  one  half  years  of  his  course.  During  the 
last  year  the  work  at  the  institute  is  composed  of  advanced 
research  and  creative  design,  while  at  the  works  the  student  is 
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given  experience  in  the  research  laboratories  of  the  company, 
or  npon  important  work  in  the  engineering  and  manufactur- 
ing offices.  For  a  successful  completion  of  this  course  the  in- 
stitution confers  the  degree  of  Master  of  Science.  The  degree  of 
Bachelor  of  Science,  conferred  as  of  the  year  preceding  the 
conferring  of  the  Master's  degree,  is  associated  with  the  Mas- 
ter's degree.  In  this  way  the  institute  shows  its  appreciation 
of  the  value  of  advanced  theoretical  training  combined  with 
practical  experience,  which  has  been  intelligently  planned  and 
carefully  supervised. 

In  conclusion  we  should  like  to  draw  attention  to  the  fact 
that  this  Course  represents  a  constructive  program  in  Elec- 
trical Engineering  based  upon  sound  principles  of  education. 
In  the  curriculum  as  above  outlined  it  will  be  not^d  there 
have  been  included  the  following  three  fundamental  elements 
which  it  has  become  recognized  must  be  a  part  of  .the  training 
of  every  modern  engineer. 

It  includes  eighteen  mouths  practical  experience  in  the  in- 
dustry. Every  engineer  must  sooner  or  later,  obtain  such 
experience  before  he  can  fill  any  responsible  position. 

It  provides  a  greater  amount  of  theoretical  training  than  is 
usually  given  in  a  course  in  electrical  engineering.  The  prac- 
tical experience,  therefore,  is  not  gained  at  the  expense  of  the 
theoretical  instruction  which,  above  everything  else,  it  is  the 
function  of  the  school  to  pro^ade. 

It  is  enriched  with  a  wealth  of  humanistic  studies  and  ex- 
perience in  human  engineering  which  it  is  believed  is  ade- 
quate to  enable  the  young  engineer  early  to  take  his  rightful 
place  among  his  fellow  worker  in  the  industrj^  and  among  his 
fellow  citizens  in  social  activities. 


REPORT    OF    THE    CONFERENCE    ON    HIGHWAY 
AND  HIGHWAY  TRANSPORTATION  ENGINEER- 
ING EDUCATION  HELD  IN  WASHINGTON, 
MAY    14  AND    15,   1920. 

BY  ARTHUE  H.  BLANCHARD, 

Professor  of  Highway  Engineering  and  Highway  Transport,  University 

of  Michigan. 

The  Conference  on  Highway  Engineering  and  Highway 
Transportation  Engineering  held  in  Washington,  D.  C,  on 
May  14  and  15,  1920,  was  called  by  the  United  States  Com- 
missioner of  Education,  Dr.  P.  P.  Claxton.  There  were  pres- 
ent 70  delegates  representing  the  automotive  and  tire  in- 
dustries, transportation  organizations,  State  highway  depart- 
ments, the  Bureau  of  Public  Roads,  the  War  Department,  and 
colleges  of  engineering.  The  educational  secretary  of  the 
Conference  was  F.  L.  Bishop,  dean  of  the  school  of  engineer- 
ing. University  of  Pittsburgh,  and  secretary  of  the  S.  P.  E.  E. 

In  his  address  of  welcome,  Commissioner  Claxton  stated 
that  in  recent  years  the  rapidly  changing  industrial  and  eco- 
nomic needs  of  the  country  had  created  new  and  inr.reasing 
demands  for  engijieers.  Additional  types  of  engineers  will 
be  required  to  deal  in  a  capable  manner  with  the  pressing 
problems  of  highway  construction  and  of  highway  transpor- 
tation which  are  daily  becoming  more  and  more  acute. 

Thomas  H.  ]\IcDonald,  chief  of  the  Bureau  of  Public  Roads, 
Department  of  Agriculture,  made  it  clear  that  the  present 
demand  for  technically  trained  men  is  much  greater  than  the 
capacity  of  our  engineering  schools  is  to  prepare  them.  The 
highway  program  of  this  country  has  been  greatly  enlarged. 
In  1916,  the  total  expenditures  for  roads  were  $272,634,413. 
For  1920,  there  is  available  for  expenditure  $783,000,000. 
The  present  indications  are  that  the  profession  of  highway 
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engineering  w-ill,  in  the  immediate  future,  offer  adequate  com- 
pensation to  keep  men  from  leaving  it  for  other  activities. 

Roy  D.  Chapin,  president  of  the  Hudson  Motor  Car  Com- 
pany, said  that  the  failure  to  foresee  the  demands  for  eco- 
nomical transportation  has  made  it  impossible  for  the  rail- 
roads to  meet  the  present  situation.  An  unusual  burden  is 
being  placed  on  the  motor  truck  and  this  condition  of  affairs 
necessitates  the  training  of  thousands  of  men  capable  of 
handling  the  many  problems  of  highway  transportation. 
Last  ye;^r.  one  billion  tons  of  freight  were  hauled  by  the 
motor  trucks  of  the  country  as  against  the  90,CK)0,000  tons 
carried  on  the  Great  Lakes,  and  2,504,000,000  tons  moved  by 
the  railroads.  The  tremendous  growth  of  motor  transporta- 
tion has  outstripped  our  scientific  knowledge  just  as  it  has 
outstripped  our  legal  procedure.  The  necessary  problems  of 
research,  which  must  be  solved  in  order  that  the  taxpayers' 
money  may  not  be  misused,  should  be  the  burden  of  our 
colleges.  Broad  courses  in  highway  engineering  and  in  high- 
way transportation  must  be  taught  in  a  manner  consonant 
with  the  importance  of  the  issues  involved. 

Dr.  Samuel  P.  Capen,  Director  of  the  American  Council 
on  Education,  called  attention  to  the  comparatively  recent 
development  of  scores  of  professional  specialities  in  engineer- 
ing schools.  The  training  in  these  specialties  tends  to  lag 
behind  the  professional  demand.  The  trend  in  engineering 
education  may  be  summarized  as  follows: 

1.  The  primary  task  of  the  engineering  schools  is  to  teach 
the  fundamental  principles  of  engineering  and  its  basic 
sciences. 

2.  Engineering  schools  will  offer  at  the  very  end  of  the 
regular  undergraduate  courses  or  in  post-graduate  courses 
opportunities  for  specialization  in  one  or  more  of  the  many 
branches  of  engineering. 

3.  These  technical  specialties  which  any  individual  school 
wiU  cultivate  will  be  determined  in  part  by  its  location  and 
in  part  by  its  facilities. 

Dr.  Walton  C.  John,  of  the  Bureau  of  Education,  stated 
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that  there  are  now  150  colleges  and  universities  offering  one 
or  more  courses  in  highway  engineering.  The  colleges  of 
engineering  are  working  out  the  problems  in  highway  engi- 
neering in  four  different  ways:  First,  by  means  of  the 
regular  4  year  civil  engineering  curriculum  leading  to  the 
degree  of  Bachelor  of  Science ;  second,  by  means  of  short, 
special  and  extension  courses;  third,  by  mutual  cooperation 
between  State  or  county  highway  departments  in  using  the 
testing  laboratories  in  the  engineering  colleges  and  engineer- 
ing experiment  stations;  fourth,  by  means  of  graduate  work 
and  research  in  highway  engineering  problems.  At  least  12 
universities  and  colleges  of  importance  are  given  attention 
to  the  subject  of  highway  transportation  but  especially  in  the 
filed  pertaining  to  railroads.  Highway  transportation  is  now 
being  taught  as  a  distinct  specialty  in  the  University  of 
Michigan,  and  a  course  has-  recently  been  offered  in  that 
subject  at  Oregon  State  College. 

The  Conference,  at  its  last  session,  unanimously  adopted 
sets  of  resolutions  which  were  proposed  by  four  committees, 
three  of  which  had  held  public  hearings  on  assigned  subjects. 
In  this  brief  report,  only  abstracted  conclusions  relative  to 
proposed  educational  programs  will  be  presented. 

The  Committee  on  Highway  Engineering  Education  called 
attention  to  the  following  points : 

The  engineering  staff  needed  for  the  control  of  highway 
construction  will  require  an  annual  supply  of  900  college 
trained  civil  engineers  in  addition  to  the  highway  engineers 
employed  by  counties  and  municipalities. 

The  civil  engineering  schools  will  graduate  probably  not 
more  than  1,100  students  three  years  from  now.  This  quota 
is  competed  for  by  railroads,  construction  companies,  and  the 
industries,  and  by  the  county  and  municipal  organizations. 
Probably  not  more  than  300  would  be  normally  available 
under  the  influences  operating  at  present  to  fill  this  quota 
of  900. 

In  order  that  the  colleges  may  provide  facilities  and  a 
trained  staff  for  instruction  and  research  in  highway  engi- 
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neering,  more  ample  funds  must  be  provided  from  private 
sources,  from  cooperative  efforts  with  industries,  and  from 
taxation. 

As  a  means  of  increasing  the  number  of  trained  men  avail- 
able for  the  staff  organizations  of  highway  commissions,  and 
the  Federal  Service,  it  is  recommended  that  plans  of  coopera- 
tion l3e  secured  between  the  colleges  and  these  organizations 
to  provide  for  summer  employment  of  students,  which  shall 
be  related  to  the  college  instruction,  and  for  further  study 
by  college  graduates  on  the  staff  of  the  Commission,  either 
through  part  time  residence  at  the  College,  or  by  extension 
classes  operated  by  the  colleges  with  the  assistance  of  the 
executives  of  the  Commission, 

The  highway  engineer  deals  with  the  public  and  with  the 
broad  issues  of  state  and  national  affairs.  He  needs  a  train- 
hig  in  the  fundamentals  as  related  to  modern  life.  He  must 
be  an  engineer  trained  to  high  teclmical  standards,  and  in 
the  methods  of  work  of  the  scientist.  Therefore,  the  subjects 
of  English,  economics,  science,  and  business  relations  are  im 
portaut.  Training  in  t^-hnique  should  be  thorough  and 
severe.  Highway  engineering  subjects  supply  an  excellent 
means  of  training  in  the  several  elements  mentioned,  A 
course  in  roads  and  pavements  extending  throughout  one 
year  is  considered  a  fundamental  subject  in  the  civil  engi- 
neering curriculum.  A  special  optional  course  in  the  senior 
year  presents  a  situation  where  the  student  is  interested,  be- 
comes motivated,  has  intimate  contact  with  the  professor  who 
is  a  competent  practitioner  as  weU  as  a  teacher,  and  has  an 
opportunity  for  library  research  and  individual  expression. 
Such  specialization  is  highly  educative  and  the  ordiQar^'  ob- 
jections to  so-called  specialization  do  not  obtain. 

The  extent  of  unexplored  fields  of  research  in  the  design 
of  pavements  and  in  the  properties  of  materials  of  construc- 
tion as  related  to  senice  conditions  combined  with  necessity 
of  throwing  early  light  upon  these  problems,  calls  for  a 
mobilization  of  all  the  resources  of  the  testing  laboratories  in 
equipment,  research  teachers,  and  student  workers,  and  for 
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an  appropriation  of  some  portion  of  construction  funds  to 
provide  support  for  this  research. 

The  Committee  on  Highway  Transportation  Education  pre- 
sented the  following-  statements  as  a  preamble  to  its  recom- 
mendation : 

The  phenomenal  development  of  highway  transportation  in 
the  United  States  has  created  a  demand  for  men  having 
knowledge  of  and  training  in  a  new  technical  field,  which 
may  be  designated  highway  transport  engineering,  and  which 
deals  with  the  science,  art,  economics  and  business  of  trans- 
portation of  passengers  and  commodities  over  highways. 

The  manufacturers  and  users  of  motor  trucks  have  sub- 
mitted the  following  estimates  relative  to  the  character  and 
number  of  men  required  in  the  field  of  highway  transport: 
first,  that  four  thousand  men  should  be  trained  in  highway 
transport  each  year  in  universities  for  positions  of  motor 
truck  fleet  managers,  sales  engineers,  advertisers,  business 
administrators  and  highway  transport  engineers;  second, 
that  short  period  advanced  courses  efliciently  provide  oppor- 
tunities for  men  occuplying  the  positions  enumerated  to  ob- 
tain a  knowledge  and  training  in  highway  transport;  third, 
that  students  in  universities  may  be  trained  for  the  above 
mentioned  positions  through  the  medium  of  four  year  courses 
in  highway  transport  engineering  or  group  options  in 
collegiate  or  technical  courses. 

The  Committee  presented  the  following  conclusion,  which 
was  adopted:  That  this  conference  strongly  recommends  that 
universities  and  colleges  offer  courses  in  highway  transport 
as  their  facilities  will  permit,  and  that  at  least  ten  uni- 
versities, located  in  different  geographical  sections  of  the 
United  States,  offer  short  period  advanced  courses  covering 
the  various  phases  of  highway  transport,  and  four  year 
courses  in  highway  transport  engineering  or  highway  trans- 
port options  in  four  year  collegiate  or  technical  courses. 

The  Committee  on  Business  Education,  and  Highway  and 
Technical  Eesearch  submitted  the  following  conclusions: 

1.  That  research  in  highway  engineering  and  highway 
19 
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transportation  problems  is  necessary  to  secure  highways 
capable  of  carrying  the  traffic  which  will  pass  over  them  in 
the  future. 

2.  That  a  moderate  number  of  colleges  and  universities 
properly  equipped  and  located  in  various  sections  of  the 
country  should  be  urged  to  undertake  research  in  highway 
engineering  and  highway  transportation,  for  the  purpose  of 
training  undergraduates  in  the  methods  of  research  and  solv- 
ing the  problems  of  highway  engineering  through  competent 
graduate  research. 

3.  That  this  research  should  be  directed  by  some  central 
authority,  which  should  have  power  to  call  to  its  assistance 
other  agencies  and  organizations  capable  of  giving  advice  on 
this  subject. 

4.  That  sufficient  funds  should  be  raised  and  placed  in 
charge  of  this  central  body  to  carry  on  this  research. 

5.  That  this  central  body  should  have  power  to  invite  the 
cooperation  of  State  highway  departments,  of  colleges  and 
universities  and  experiment  stations,  and  to  assign  to  these 
cooperative  agencies  funds  for  the  prosecution  of  this  re- 
search and  to  supervise  and  direct  the  conduct  of  the  work. 

6.  That  in  addition  to  these  funds,  the  National  Govern- 
ment be  urged  to  appropriate  generous  funds  for  research  in 
highway  engineering  and  highway  transportation,  and  that 
each  state  set  aside  a  definite  portion  of  the  funds  appro- 
priated for  highway  construction  for  the  prosecution  of  re- 
search in  highway  engineering  and  transportation. 

7.  That  the  State  highway  departments  should,  wherever 
possible,  seek  the  cooperation  of  colleges  and  universities  and 
experiment  stations  in  solving  research  problems  in  highway 
engineering  peculiar  to  the  State  concerned. 

Pertaining  to  business  education,  the  Committee  recom- 
mended : 

That  the  conference  endorses  the  idea  of  a  liberal  oppor- 
tunity for  engineering  students  to  take  courses  in  business 
education  which  will  train  them  for  managerial  positions  in 
the  industries. 
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That  the  eonferenoe  favors  the  establishment  of  schools  of 
business  and  commerce  in  which  students,  in  addition  to 
numerous  courses  in  business  and  commercial  economics,  may 
secure  such  technical  and  general  training  as  will  fit  them  for 
leadership  in  the  industries. 

That  the  colleges  of  arts  and  sciences  encourage  the  placing 
of  courses  in  business  economics  on  a  par  with  the  humanities, 
in  order  that  graduates  of  these  colleges  mav  take  their  place 
in  industries  speedily  and  intelligently. 

The  General  Committee  on  Resolutions  particularly  empha- 
sized the  following  statements : 

That  thece  is  no  one  domestic  activity  of  more  vital  import 
to  the  people  of  the  United  States  than  an  efBcient  and  eco- 
nomical administration  of  our  highway  program. 

That  there  is  a  pressing  demand  for  trained  men  not  alone 
to  guide  this  program  but  also  to  undertake  the  problems  of 
production  and  the  economic  use  of  vehicles  over  the  highway. 

That  this  need  can  only  be  met  by  increased  educational 
facilities  for  turning  out  these  men. 

That  the  entire  subject  is  one  which  should  be  closely 
coordinated  and  a  permanent  committee  should  be  appointed 
by  the  Commissioner  of  Education  to  consider  this  problem 
in  its  several  aspects  and  to  bring  about  a  fuller  understand- 
ing of  it  on  the  part  of  the  people  of  the  countiy. 


RESOLUTION     OF     THE     NATIONAL     ADVISORY 
COMMITTEE  FOR  AERONAUTICS. 

J.  F.  Hayf ord :  Mr.  President,  the  key  note  of  this  meeting 
being  cooperatiou,  it  is  surely  perfectly  in  order  to  deliver 
to  you  an  offer  of  cooperation  from  an  outside  organization. 
The  formal  statement  of  the  offer  is  written  here  on  a  slip  of 
paper  which  will  be  left  posted  to  be  examined  by  you  at 
leisure  later.  What  I  propose  to  do  in  five  minutes,  is  to 
simply  read  that  notice,  and  then  give  you  a  few  words  of 
explanation  that  may  be  necessary*. 

The  notice  itself  reads: 

''At  its  meeting  of  April  22nd,  1920,  The  National  Ad- 
visory Committee  for  Aeronautics,  passed  the  following 
resolution : 

''Besolved,  that  the  Executive  Committee  be  instructed  to 
undertake,  insofar  as  may  be  found  practicable,  the  coopera- 
tion of  air-dynamic  research  work  in  the  educational  insti- 
tutions of  the  country  where  are  located  air-dynamic 
laboratories,  to  the  end  that  great*  general  efficiency  in 
carrying  out  such  work  among  the  scattered  research  units 
may  be  realized,  unnecessary  duplication  of  effort  avoided, 
and  in  order  that  the  work  in  these. various  research  labora- 
tories may  be  carried  forward  together  with  similar  working 
of  the  government  laboratories,  as  intelligently  related  parts 
of  a  general  research  program." 

"Any  correspondence  in  regard  to  this  matter  should  be 
addressed  to  the  Chairman  of  the  Executive  Committee, 
National  Ad^'iso^J'  Committee  for  Aeronautics.  2722  !Cavy 
Building.  17th  and  B  Streets.  Washington.  D.  C." 

The  chairman  referred  to  is  Professor  J.  F.  Ames,  of  the 
Department  of  Physics  of  Johns  Hopkins  University.  It  is 
at  his  request  that  I  am  putting  this  offer  of  cooperation  be- 
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fore  you.  That  is,  it  is  genuinely  an  offer  on  the  part  of  the 
National  Advisory  Committee  for  Aeronautics  to  cooperate 
with  you,  if  you  are  thinking-  of  doing  any  research  work  in 
aero-dynamics  in  your  own  laboratories.  Just  a  word  of 
explanation  which  may  be  needed  for  some  of  you,  at  least, 
as  to  what  the  National  Advisory  Committee  for  Aeronautics 
is.  Though  it  functioned  throughout  the  war  as  ^  one  of  the 
various  agencies  doing  what  it  could  in  the  war  work,  it  is 
pre-war  committee,  established  in  1915,  a  committee  which  is 
continuing  its  work  on  an  appropriation  of  about  $200,000 
a  year.  I  happen  to  have  been  on  the  Committee  since  the 
beginning.  That  is  how  it  happened  I  have  been  able  to 
deliver  this  message  to  you  today. 

In  the  words  of  the  law,  the  main  duty  of  the  committee 
is  to  supervise  and  direct  the  scientific  studj^  of  the  problems 
of  flight  with  a  view  to  their  practical  solution.  We  have  in 
our  regular  work  had  some  cooperation  wdth  university  re- 
search laboratories,  the  biggest  piece  of  cooperation  being 
with  the  laboratory  of  Stanford  University,  under  Prof. 
W.  F.  Durand,  in  which  a  very  extensive  work  was  done  on 
prop^llors  for  use  in  air. 

This  is  not  an  offer  to  help  by  restriction.  There  is  much 
more  research  work  in  aero-dynamics  that  is  urgently  needed 
than  can  be  done  by  all  the  government  agencies  combined, 
and  all  the  other  agencies  that^can  be  prevailed  upon  to  un- 
dertake the  work.  What  is  wanted  is  more  work,  and  more 
effective  work.  So  this  is  an  offer  to  help  in  bringing  about 
cooperation,  helping  you  perhaps  to  see  the  vision  and  so  get 
you  to  do  some  of  the  needed  things,  if  you  will.  There  is 
no  disposition  to  put  the  emphasis  very  strongly  on  avoiding 
duplication.  There  is  a  disposition  to  put  the  emphasis  very 
strongly  on  getting  you  to  work  as  you  choose  in  Ijiat  general 
line. 

Now,  this  notice  will  remain  up  here  so  that  if  any  of  you 
wish  to  get  the  exact  address  or  find  out  more  about  this,  you 
may  do  so,  and  I  will  be  glad  to  explain  further  at  any  time 
you  care  to  have  further  explanation.     Thank  you. 


REPORT  OF  INSTITUTIONAL  COMMITTEE  NO.  7. 

The  Institutional  Committee  of  the  S.  P.  E.  E.  carried  out 
the  wishes  of  the  Society  in  connection  with  the  organization 
of  sections.  The  object  of  the  sections  is  the  same  as  that  of 
the  Parent  Society,  but  particular  emphasis  is  placed  upon 
educational  problems  confronting  the  particular  locality 
which  the  section  serves. 

Since  the  Baltimore  Meeting  of  the  S.  P.  E.  E.  the  follow- 
ing Sections  of  the  Society  were  organized. 

1.  The  Pittsburgh  Section, 

2.  The  Atlanta  Georgia  Section, 

3.  The  Kansas-Nebraska  Section. 

Progress  was  also  made  toward  the  organization  of  a  New 
England  Section,  a  Northwestern  Section  (including  Oregon, 
Washington  and  Idaho)  a  Southwestern  Section  (including 
Arizona  and  New  !Mexico^  and  a  section  at  the  St.  John's 
College,  China. 

Most  institutions  look  favorably  upon  the  idea  of  organizing 
sections  of  the  Society  in  their  localities.  The  general  condi- 
tions of  unrest  among  teachers  and  the  heavy  teaching  sched- 
ules on  account  of  large  enrollment  makes  at  present  the  or- 
ganization of  new  activities  very  difficult. 

The  ■  Institutional  Delegates  at  their  conference  in  connec- 
tion with  the  Ann  Arbor  meeting  of  the  Society  on  "Wednes- 
day, June  30th,  voted  to  continue  the  organization  of  Sections 
of  the  S.  P.  E.  E.  wherever  possible. 

The  Institutional  delegates  also  voted  to  recommend  to  the 
Society  that  a  Committee  of  the  Society  be  appointed  to  in- 
vestigate the  Present  Status  of  the  Special  Apprenticeship 
Svstems  established  bv  railroads. 
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The  Institutional  Committee  also  recommends  that  in  future 
meetings  more  time  be  set  aside  for  the  conferences  of  institu- 
tional delegates.  The  present  plan  of  allowing  one  half  hour 
for  such  conferences  is  absolutely  inadequate. 

A.  A.  Potter, 
Chairman,  Institutional  Committee. 


REPORT   OF   COMMITTEE    (lo)    MATHEMATICS. 

L.  C.  Plant :  Mr.  President,  committee  Xo.  10  has  no  report 
to  make  at  this  time.  I  wish  to  make  a  few  remarks,  how- 
ever. Previous  to  our  entering  into  the  "World  "VTar  Commit- 
tee Xo.  10  made  quite  an  extensive  study  of  the  coordination 
of  mathematics,  physics  and  mechanics,  and  reported  its  find- 
ings to  the  society.  It  was  hoped  at  that  time  that  a  number 
of  institutions  would  take  up  the  matter  of  coordination  of 
these  subjects,  and  allied  subjects,  and  make  reports  to  the 
Society  at  subsequent  meetings.  Due  to  our  engaging  in  the 
war  and  a  general  n>eglect  in  a  way  of  our  school  problems, 
we  have  not  heard  any  reports  from  any  of  the  institutions 
since  that  time. 

At  this  time,  however,  we  are  to  have  the  pleasure  of  hear- 
ing a  report  of  Prof.  Coddington.  of  the  Ohio  State  Univer- 
sity, and  also  a  report  on  the  study  of  Engineering  problems 
bv  !Mr.  Kiefer.  from  Iowa  State. 
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The  work  of  the  Committee  of  Physics  has  reached  a  stage 
where  a  review  of  its  endeavors  should  be  given  and  a  recom- 
mendation made  to  the  Society  for  future  action.  The  pres- 
ent Committee  was  appointed  in  1916.  It  found  that  its 
predecessor  had  presented  an  excellent  report  which  con- 
tained the  results  of  a  survey  of  the  courses  in  physics  in  the 
various  engineering  colleges  and  certain  important  recom- 
mendations. Your  Committee  proceeded  to  ascertain  in  what 
direction  the  greatest  assistance  could  be  rendered  to  instruc- 
tion in  physics  and  it  decided  that  correlation  of  the  course  in 
physics  with  subsequent  courses  using  the  fundamental  prin- 
ciples of  physics  would  be  the  most  valuable  contribution  the 
committee  could  make  in  the  work  of  the  Society. 

On  March  15.  1917.  the  Committee  on  Mechanics,  through 
its  chairman,  Professor  E.  R.  Maurer,  agreed  to  a  joint  effort 
in  cooperation  which  may  be  described  as  the  ''preparation 
of  a  syllabus  on  mechanics"  as  a  highly  "desirable  method  of 
influencing  the  cooperation  which  should  exist  between  the 
two  courses  in  mechanics."'  The  Committee  on  Physics  was 
to  prepare  the  physics  portion  of  the  syllabus  and  the  Com- 
mittee on  Mechanics  was  to  prepare  the  material  for  the 
course  in  mechanics.  The  order  of  presentation  of  the  topics 
of  the  syllabus  was  to  be  merely  that  of  convenience,  emphasis 
being  placed  on  subject  matter  rather  than  upon  order  of  pre- 
sentation. 

The  Committee  on  Physics  prepared  its  portion  of  the  sylla- 
bus which  was  submitted  to  the  Committee  on  Mechanics  on 
December  6,  1917.  The  form  of  the  '"Content""  was  an  alpha- 
betical list  of  subject  matter,  with  all  formula?,  units  and  even 
the  nature  of  the  problems,  the  latter  appearing  each  one  in 
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its  appropriate  place.  Suitable  cross  references  were  made, 
so  that  it  was  possible  to  ascertain  quickly  just  what  was  sup- 
posed to  be  taught  in  the  first  general  course  in  physics  on  the 
subject  of  mechanics.  The  effort  of  the  Committee  was  to  be 
brief,  to  be  concrete  and  specific,  to  avoid  "methods  of  presen- 
tation" and  the  arguments  resulting  therefrom  and  to  fur- 
nish a  clear  picture  of  what  should  be  expected  of  the  first 
course  in  physics.  In  the  relatively  brief  time  between  De- 
cember, 1917,  and  June,  1918,  no  report  was  made  by  the 
Committee  on  Mechanics  to  the  Committee  on  Physics  as  to 
the  progress  of  the  proposed  syllabus. 

On  December  19,  1918,  the  Committee  on  Physics  resub- 
mitted the  "Content"  to  the  new  Committee  on  Mechanics 
and  Hydraulics,  recently  appointed.  The  latter  Comittee 
considered  the  original  proposal  and  reported  back  to  the 
Committee  on  Physics  on  May  19,  1919,  that  the  Committee 
on  Mechanics  and  Hydraulics  seemed  to  be  in  favor  of  co- 
operation. No  further  report  was  had  from  this  Committee 
until  the  chairman  of  the  Committee  on  Physics  requested  a 
conference  with  the  Chairman  of  the  other  Committee.  Then 
the  latter  consulted  with  a  member  of  his  Committee  and 
several  others  and  formulated  a  tentative  report  indicating 
that  the  cooperation  as  proposed  was  inappropriate.  But 
later,  on  May  3  and  4,  the  chairman  of  the  two  committees 
had  an  extended  conference  which  very  naturally  brought 
al)0ut  a  better  understanding  as  to  what  the  Committee  on 
Physics  hoped  to  accomplish  by  its  plan  of  cooperative  effort. 
The  chairman  of  the  Committee  on  Mechanics  and  Hydraulics, 
Professor  0.  H.  Basquin,  was  not  convinced  that  the  exact 
plan  proposed  by  the  Committee  on  Physics  was  the  best  to  be 
had.  No  future  plans  were  laid  as  to  a  joint  action  of  the  two 
committees  because  of  the  short  time  remaining  before  the 
annual  meeting. 

The  Committee  on  Physics  wishes  to  present  to  the  Society 
briefly  its  defense  of  the  plan  of  cooperation  described  and  the 
possibilities  of  correlation  arising  from  its  application.     The 
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basis  of  the   argument  presented  briefly,   and  hence   inade- 
quately, is  as  follows : 

1.  All  efforts  at  cooperation  must  have  as  a  basis  relevant 
facts ;  this  is  the  starting  point  of  all  endeavor  in  which  the 
scientific  method  is  used. 

2.  The  most  important  information  that  should  be  available 
as  a  basis  of  cooperation  in  and  consequent  correlation  of  the 
two  courses  of  mechanics,  is  the  content  of  the  two  courses. 

3.  Such  information  should  be  in  reference  form.  This 
could  be  accomplished  by  the  completion  of  the  alphabetical 
topic  list  described  above,  the  "content"  of  the  mechanics 
course  being  placed  perhaps  in  a  parallel  column  with  the 
content  in  the  physics  course.  This  would  make  the  informa- 
tion desired  available  with  a  minimum  expenditure  of  time. 

4.  From  such  information  immediately  would  arise  definite 
possibilities  of  correlation  as  illustrated  by  the  following  at- 
tainments : 

(a)  The  securing  of  more  appropriate  emphasis  in  the 
physics  course.  . 

(6)  The  saving  of  time  and  improvement  of  results  in  the 
mechanics  course  through  the  utilization  of  review  as  such. 
Other  possibilities  will  occur  at  once  to  a  teacher  in  either 
course. 

The  chief  arguments  against  the  form  of  cooperative  effort 
proposed  are  as  follows : 

1.  Instructors  in  mechanics  and  physicr,  are  fairly  well 
satisfied  with  conditions  as  they  are.  The  reply  is  that  it  is 
not  the  satisfaction  of  the  instructor  in  which  the  Committee 
should  be  interested,  but  the  fact  that  the  student  takes  two 
succeeding  courses  in  the  same  subject  between  which  no 
effort  at  correlation  has  been  made  by  the  Society. 

2.  Cooperation  can  be  had  in  any  institution  where  the  in- 
structors desire  it  and  such  a  plan  as  proposed  is  not  neces- 
sary. The  answer  is  that  the  Committees'  work  is  that  of  the 
Society,  that,  truly,  the  Society  is  not  necessary,  but  that  each 
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Committee  should  endeavor  to  make  the  Society  as  effective 
as  possible  in  improving  engineering  education. 

3.  Instead  of  the  proposed  plan  it  may  be  better  to  formu- 
late a  general  plan  and  let  each  institution  cany  it  out  as  suits 
individual  preference.  The  answer  is  that  the  Committee  on 
Physics  does  not  favor  advice,  but  rather  a  constructive  piece 
of  work  of  a  concrete  character,  believing  that  this  is  a  kind 
of  a  contribution  that  the  Society  should  make. 

In  this  connection,  your  Committee  calls  attention  to  the 
fact  that  at  the  Virginia  meeting  in  1916,  it  was  moved  by 
Professor  Greene,  seconded  and  carried,  that  "It  is  the  sense 
of  this  meeting  that  the  Committee  on  Mechanics  in  the  pre- 
paration of  its  syllabus  hold  conferences  either  by  letter  or  at 
meetings  with  the  Committee  on  the  Teaching  of  Physics. ' ' 

A  further  word  in  reference  to  correlation  might  make 
clearer  its  meaning  and  its  need.  Correlation  between  courses 
articulates  instruction  by  eliminating  gaps  and  inconsisten- 
cies between  them.  It  makes  the  work  more  interesting  to  the 
student  and  it  tends  to  economy  in  his  time.  It  enables  an 
instructor  to  do  better  work ;  it  gives  him  definite  information 
regarding  the  previous  intellectual  attainments  of  his  stu- 
dents, and  it  shows  him  what  they  will  be  called  upon  to  do 
in  future  courses.  He  is  able,  therefore,  to  give  them  instruc- 
tion that  is  adapted  to  their  preparation,  and  to  the  demands 
of  other  instructors.  He  is  able  to  review  old  material  as  such 
and  thus  greatly  aid  its  retention  by  the  student. 

Moreover,  the  instructors  in  any  one  department  develop 
departmental  ideals  and  traditions,  and  methods  of  teaching 
and  establish  the  ground  covered  largely  independent  of  other 
departments;  they  feel  pride  in  their  own  department;  they 
concentrate  upon  their  own  work;  they  think  they  have  not 
time  to  understand  the  points  of  view  of  other  departments 
A  feeling  of  mutual  distrust  naturally  arises  and  some  degree 
of  isolation  ensues;  isolation  is  the  opposite  of  correlation. 

Your  Committee  wishes  to  express  the  opinion,  based  upon 
the  thought  given  the  matter  and  upon  its  experience  in 
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working  with  another  Committee,  that  the  correlation  of  the 
course  in  physics  with  subsequent  courses  in  which  the  funda- 
mentals of  physics  are  used  is  highly  important;  that  the 
Society  should  appoint  a  Special  Committee  for  the  purpose 
of  making  a  report  upon  the  subject ;  that  this  report  should 
describe  the  desired  correlation  in  mechanics  in  such  a  man- 
ner that  the  report  can  be  applied  directly  without  requiring 
each  institution  to  work  out.  ab  initio,  its  own  plan,  that  the 
report  should  be  concrete  in  at  least  one  subject,  mecnanics, 
and  that  it  include  a  statement  of  the  practicable  ways  and 
means  of  securing  correlation  in  other  subjects  as  well. 

Your  Committee  therefore  recommends  that  the  Society 
authorize  the  appointment  of  a  Special  Committee  whose  duty 
shall  be  to  make  a  report  upon  the  correlation  of  the  course 
in  physics  with  subsequent  engineering  courses,  particularly 
that  in  mechanics. 


REPORT  OF  COMMITTEE  ii-B.  CHEMISTRY. 

Your  committee  has  conferred  with  the  Committee  on  Edu- 
cational Problems  of  the  American  Chemical  Soeietv,  It  de- 
sires to  discuss  briefly  several  subjects  which  deserve  consid- 
eration, viz. : 

1.  The  courses  which  should  be  taken  by  candidates  for 
undergraduate  'degrees  for  which  Chemistry  is  the  major  sub- 
ject, and  the  minimum  time  which  should  be  devoted  to  each 
course. 

2.  Courses  in  Industrial  Chemistry  and  vocational  courses. 

3.  A  fifth  year  in  residence  and  the  character  of  the  work  of 
this  year. 

4.  Difficulties  in  the  way  of  intercollegiaie  transfer  from 
many  smaller  institutions,  and  suggestions  for  their  correction. 

5.  Aids  to  training  in  research  methods. 

6.  The  future  supply  of  chemists. 

1.  Required  Courses. — ^We  recommend  that  the  following 
courses  in  chemistry  be  required  for  undergraduate  degrees 
for  which  chemistry  is  the  major  subject,  the  total  time  shown 
to  be  the  approximate  minimum — varied  between  class  and 
laboratory  as  seems  wise. 

(a)  General  Chemistry,  including  some  Qualitative  Analy- 
sis. Class,  3  hrs. ;  Lab'y,  6  hrs.  per  week  for  32  weeks,  not 
including  examination  periods.     First  year. 

(6)  Qualitative  and  Quantitative  Analysis.  Same  as  (a) 
above.     Second  year. 

(c)  Quantitative  Analysis,  Class  and  Laboratory,  12  hrs. 
a  week  for  32  weeks.    Third  year. 

(d)  Organic  Chemistry.  Same  as  (a)  above.  Second  or 
Third  year. 
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(e)  Fhyskal  Chemistry.  Same  as  (ft)  above.  Fourth 
year.* 

(/)  Industrial  Chemistry,  class  and  laboratory  work,  12  or 
more  hours  a  week,  for  32  weeks.  (See  paragraph  2.)  Fourth 
year. 

2.  Courses  in  Industrial  Chemistry . — In  the  opinion  of  your 
committee,  much  of  the  time  so  frequently  spent  upon  the 
processes  given  in  the  textbooks  of  General  Industrial  Chem- 
istry^ may  be  better  employed  in  a  course  which  emphasizes  the 
general  chemical,  engineering  and  economic  prohlems  and 
their  solutions,  and  which  deals  with  the  surmounting  of  the 
difficulties  encountered  in  as  many  of  the  industries  as  the 
time  will  permit.  Very  little  attempt  should  be  made  to  deal 
with  the  technical  details  of  any  process.  This  will  orientate 
the  mind  of  the  student  so  that  he  can  apply  himself  more 
easily  and  use  his  chemistry,  phj^sics  and  engineering  more 
effectively  when  he  goes  into  an  industry  of  any  kind. 
Proper  orientation  can  not  be  accomplished  by  any  other 
means  than  the  correct  teaching  of  Industrial  Chemistry. 
This  must  be  given  by  a  good  teacher  who  is  thoroughly 
grounded  in  the  fundamentals  and  who  must  have  himself  had 
the  responsibility  of  handling  manufacturing  problems  and 
processes. 

Parallel  .reading  of  current  industrial-chemical  journals 
should  be  insisted  upon,  and  reports  upon  'selected  articles 
should  be  made  by  students  to  the  class. 

The  special  study  of  any  one  line  should  be  left  to  ''Voca- 
tional Studies"  that  are  taken  up  as  separate  subjects. 

An  industry  may  be  handicapped  through  a  lack  of  ideas  re- 
garding its  possibilities  for  new  or  improved  processes,  or  a 
lack  of  knowledge  or  sources  of  information  which  will  per- 
mit work  looking  towards  their  realization.  Hence,  the  in- 
struction and  reading  of  the  student  should  direct  his  atten- 

*  If  an  adjustment  of  the  work  can  be  made  which  will  permit  a  be- 
ginning of  the  course  in  Physical  Chemistry  during  the  last  half  of  the 
third  year,  it  will  improve  the  work  of  the  senior  year. 
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tion  to  lines  of  possible  development  and  give  him  a  ven- 
thorough  understanding  of  all  matters  that  are  necessary  to 
progressive  activities. 

3.  A  Fifth  Year  in  Resklence. — It  is  becoming  more  and 
more  generally  recognized  that  the  amount  of  time  necessary 
to  fit  a  man  fully  for  entering  any  branch  of  engineering  can 
not  be  crowded  into  four  years;  that  is,  if  the  student  is  to 
have  time  to  digest  what  he  learns,  to  learn  through  labora- 
tory work  how  the  various  problems  are  attacked  and  how  the 
data  of  the  research  laboratory  is  translated  into  practice. 

We  believe  that  the  solution  of  this  lies  best  in  a  fifth  or 
graduate  year  of  directed  study ;  and  that  most  of  the  time  of 
this  year  should  be  spent  on  an  intensive  study  of  methods  of 
chemical  research.  This  work  should  give  the  student  a  very 
real  insight  into  how  chemical  knowledge  is  acquired  and  ap- 
plied to  production.  He  should  learn  how  to  use  the  library 
in  research  work.  His  laboratory  work  may  well  be  around 
some  industrial  problem  in  that  branch  of  the  science  in  which 
he  thinks  of  specializing,  but  his  instruction  in  general  meth- 
ods of  research  should  be  as  full  as  conditions  permit.  He 
might  also  take  a  course  in  a  cognate  science,  if  this  does  not 
distract  his  attention  too  much.  The  work  of  this  fifth  year 
might  lead  to  the  Masters  degree,  or  its  equivalent,  or  prepare 
for  more  advanced  work  leading  to  the  Doctor's  degree,  or  it 
msLY  more  fully  and  directly  prepare  for  high  grade  work  in 
the  industrial  field  than  it  is  possible  to  do  during  four  under- 
graduate years. 

During  this  fifth  year  the  student  should,  of  course,  go  to 
an  institution  where  the  highest  grade  of  research  work  is 
being  conducted  in  the  particular  field  that  he  contemplates 
entering.  No  mere  sentiment  or  financial  consideration  should 
induce  him  to  stay  at  his  undergraduate  college  unless  it  is 
fully  equipped  both  as  regards  men  and  facilities;  and  even 
then  it  may  be  well  to  move. 

Much  attention  is  being  given  to  a  close  correlation  between 
educational  and  industrial  institutions.    The  more  that  is  ac- 
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complished  along  this  line  the  more  effective  will  be  the  work 
at  both  places. 

4.  Difficulties  in  the  Way  of  Intercollegiate  Transfer  from 
Smaller  Institutions,  and  Suggestions  for  their  Correction. — 
The  best  possible  teaching  might  be  done  in  smaller  institu- 
tions where  a  personal  contact  between  professor  and  student 
obtains  to  a  degree  that  is  not  possible  in  places  where  the 
numbers  are  so  large  that  much  of  the  instruction  in  quiz- 
class  and  laboratory  must  needs  be  left  to  less  experienced  as- 
sistants. Those  of  us  who  come  into  contact  for  graduate 
study  with  men  from  the  smaller  colleges  find  that  the  train- 
ing in  the  fundamentals  of  far  too  many  of  such  has  been 
very  poor.  We  have  searched  for  the  cause  of  this  condition. 
We  believe  that  the  troiiMe  arises  largely  through  too  many 
courses  heing  given  for  the  size  of  the  teaching  staff.  The 
teachers'  time  and  energj^  are  consumed  by  many  courses  to 
which  too  little  time  or  thought  is  devoted,  instead  of  being 
used  to  give  a  few  thorough  ones.  One  example  will  illus- 
trate the  condition  which  obtains  to  a  greater  or  lesser  degree 
at  many  places.  At  a  school  of  technology,  in  a  community 
offering  the  largest  possibilities  for  real  service,  four  teachers 
are  conducting  several  classes,  in  several  branches,  aggregating 
over  500  students.  They  are  compelled  by  somebody  to  teach 
twenty-seven  or  more  hours  a  week,  not  including  all  the  addi- 
tional time  incident  to  chemical  instruction.  Their  class  in 
General  Chemistry  meets  four  times  a  week  for  class,  and 
works  two  hours  (actual  time)  in  the  laboratory.  Equally 
insufficient  time  is  devoted  to  other  courses.  We  understand 
that  this  is  done  under  protest  and  that  the  faculty  realize 
the  shortcomings. 

The  final  result  of  such  totally  inadequate  training  is  a 
"chemical  engineer"  who  honestly  thinks  that  he  knows  some 
chemistry — until  he  runs  up  against  the  real  work  of  the 
world.  Another  graduate  wishes  to  enter  a  reputable  medical 
school — they  will  not  admit  him.  Another  has  taken  all  the 
chemistry  in  sight  and  wishes  to  begin  graduate  work  in  a 
20 
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good  university — they  will  not  permit  him  to  do  so  without 
considerably  more  training:  or  he  tries  it  and  fails.  If  the 
same  time  which  is  devoied  to  many  courses  were  spent  upon 
General  Chemistry  and  one  oth^r,  by  both  teachers  and  stu- 
dents, the  results  would  be  worth  while. 

5.  Aids  to  Training  in  Research. — Specialized  instruction 
should  be  developed  in  universities  whose  environment  per- 
mits of  a  close  correlation  with  particular  industries.  There 
should  be  at  least  one  university  whose  staff  and  equipment  is 
adequate  to  the  highest  possible  research  training  in  each  of 
the  great  lines  of  industry:  institutions  to  which  we  might 
direct  young  men  who  are  equipped  and  desire  such  training. 

More  research  work  must  be  done  at  many  of  the  smaller 
institutions  than  now.  if  their  teaching  staffs  are  to  continue 
fit  to  train  even  undergraduates  for  the  industrial  world.  A 
teacher  whose  whole  time  is  consumed  with  routine  under- 
graduate instruction  will  inevitably  cease  to  grow  and  he  will 
quickly  get  out  of  touch  with  everything  but  textbook  matter. 
He  will  become,  for  practical  purposes,  almost  entirely  out  of 
touch  with  the  development  of  new  methods  and  new  knowl- 
edge, and  after  a  while  will  be  unfit  to  do  such  research  work 
as  will  help  his  institution  to  rise  to  its  highest  possibilities  and 
keep  pace  with  a  growing  community. 

Concrete  proof  that  all  too  many  teachers  have  already  ar- 
rived perilously  near  to  this  condition  of  unfitness,  through 
overwork  in  routine  teaching,  may  be  obtained  if  an  assistant 
or  bright  student  will  ask  his  professor  for  "some  research 
problem  that  I  may  work  upon."  How  many  of  such  unfor- 
tunate professors  are  able  to  name  even  two  or  three  suitable 
problems — worth-while  problems  which  are  suited  to  the  ca- 
pacity of  even  a  senior  or  a  fifth-year  student  ?  Do  they  reaUy 
know  in  sufficient  detail  many  of  the  gaps  in  our  knowledge ; 
what  new  methods  of  attack  might  solve  old  problems :  where 
the  problems  they  have  thought  of.  more  or  less  casually,  are 
likely  to  lead ;  whether  or  not  these  have  been  worked  upon 
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and  by  whom :  etc.  ?  How  few  of  the  smaller  colleges  have  ade- 
quate equipment  and  library  facilities  for  such  research  study 
as  will  make  their  professors  more  efficient  undergraduate 
teachers?  Many  good  men  have  gone  steadily  downward 
under  the  pressure  of  too  much  routine  work,  too  few  facili- 
ties, and  a  salary  too  small  to  permit  of  their  getting  out  into 
the  world,  meeting  their  fellow  professional  men  and  getting 
new  incentives  to  work.  The  younger  men  are  leaving  the 
field  in  large  numbers:  the  older  men  have  given  hostages  to 
fortune  and  must  stay,  but  their  days  are  numbered. 

We  believe  that  many  men  will  be  reinvigorated  and  all  will 
be  helped  if  some  institution  like  the  National  Kesearch  Coun- 
cil will  collect  from  the  larger  universities  and  from  the  in- 
dustries a  number  of  problems  which  teachers  at  the  smaller 
institutions  may  work  upon  and  assign  to  their  assistants  and 
senior  students.  The  by-problems  of  the  industrial  laborator- 
ies will  constitute  a  large  and  most  interesting  supply.  Ar- 
rangements might  be  made  for  the  loan  of  suitable  apparatus. 
Books  and  periodicals  can  be  easily  obtained.  Results  of  such 
work  might  be  turned  over  to  others  to  check,  where  neces- 
sary. ;More  cooperative  work  can  be  done  in  this  way.  which 
wiU  gradually  fill  in  the  gaps,  accumulate  needed  data  regard- 
ing substances,  bring  men  together  with  benefit  to  both.  and. 
above  all,  start  many  men  to  doing  research  study  if  they  have 
dropped  out.  and  prevent  many  from  discontinuing  investiga- 
tions after  they  leave  the  universities.  Tour  committee  has 
recommended  this  plan  to  the  National  Research  Council  as 
one  means  of  promoting  advanced  study  by  teachers,  who  are 
more  likely  to  continue  if  they  once  get  started  and  have  avail- 
able a  constant  supply  of  live  problems,  and  as  a  help  towards 
inciting  a  research  spirit  in  senior  students.  The  reception 
of  the  suggestion  by  the  Council  is  encouraging. 

6.  The  Future  Supply  of  Chemists. — Prior  to  1914  the  rela- 
tive numbers  of  industrial  chemists  in  each  of  the  various  coun- 
tries was  in  the  same  order  as  the  industrial  positions  of  such 
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countries.  The  war  fully  demonstrated  to  America  the  im- 
portance of  the  chemist,  in  addition  to  the  engineer.  The 
rapid  growth  of  the  industries  and  the  more  general  employ- 
ment of  chemists  has  brought  about  a  most  serious  situation  as 
regards  the  future  supply  of  well  trained  men  to  meet  the 
growing  demands.  The  higher  salaries  offered  in  the  business 
world  has  drawn  large  numbers  of  men  from  the  teaching  pro- 
fession, especially  the  high-grade  younger  men.  This  is  partly 
because  the  salary  increases  in  educational  institutions  have 
in  no  wise  kept  pace  with  the  increasing  cost  of  the  necessities 
of  life  for  educated  men;  and  partly  because  the  increased 
burden  imposed  by  larger  numbers  of  students  and  the  increas- 
ing difficulty  in  finding  competent  young  men  as  asistants 
has  greatly  lessened  the  attractiveness  of  the  teaching  pro- 
fession. Under  such  a  state  of  affairs  less  time  can  be  devoted 
to  work  which  makes  for  professional  growth  or  necessary 
additional  income. 

Something  must  be  done  to  increase  the  number  of  strong, 
well  trained,  men  in  the  teaching  field,  or  tee  shall  soon  have 
the  training  done  largely  by  weak  men  who  are  not  leaders  in 
the  profession.  Poor  teachers  cannot  possibly  train  such  men 
as  are  needed  to  enable  America  to  take  her  natural  place 
among  the  great  industrial  nations.  All  will  suffer  and  mat- 
ters win  grow  worse  with  the  passage  of  time.  All  this  is  only 
too  well  recognized  by  the  profession.  The  authorities  of 
educational  institutions  must  also  be  brought  to  so  thorough  a 
realization  of  the  need  that  they  will  correct  it.  Additional 
money  should  be  got  by  an  increase  in  the  cost  of  education  to 
the  student,  if  it  can  not  be  obtained  in  other  ways.  Why 
should  not  the  individual  or  the  state  pay  the  full,  natural  cost 
of  developing  the  most  efficient  mental  power  in  like  manner 
as  they  pay  for  motive  power?  The  unsubstantiated  objec- 
tion that  higher  cost  wUl  mean  fewer  college  students  is  met 
by  the  fact  that  fewer  well  trained  men  are  of  greater  value 
to  the  nation  than  many  poorly  trained  men.     The  poorly 
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trained  man  is  not  apt  to  grow  afterwards,  and  he  becomes  a 
source  of  danger,  both  economically  and  politically. 

Respectfully  submitted. 

James  R.  Withrow, 
J.  H.  James, 
R.  M.  Bird.  Chairman. 
Affiliated  with  the  Committee  on  Educational  Problems  of 
the  American  Chemical  Society. 

Ralph  H.  McKee, 
S.  W.  Parr, 

Lauder  W.  Joxes,  Chair)nan. 
June  1,  1920. 


REPORT  OF  COMMITTEE  NO.  12,  ENGLISH. 

In  1915,  under  the  direction  of  the  late  Professor  Samuel  C. 
Earle,  an  investigation  was  made  by  Committee  No.  12  to  de- 
termine the  status  of  instruction  in  English  in  engineering 
colleges.  The  principal  questions  raised  in  this  inquiry  dealt 
with  educational  policy  affecting  the  purpose  of  the  course  in 
English,  the  kind  of  instruction  given,  and  the  position  of  the 
teacher  of  English  among  his  technical  colleagues.  The  usual 
questionnaire  was  supplemented  by  a  tour  of  inspection  made 
by  Profes^r  Earle.  Although  the  findings  of  the  Committee 
were  largely  negative,  it  may  be  worth  while  to  recall  them 
briefly  for  the  sake  of  comparison,  or  rather,  contrast,  with 
the  present. 

In  the  great  majority  of  engineering  colleges  it  appeared 
that  little  or  no  attention  had  been  given  to  the  reason  for 
having  instruction  in  English.  The  course  in  English  was  a 
tradition,  like  gjTnnasium  and  military  drill;  and,  adminis- 
tratively considered,  it  was  not  less  remote  or  incidental  than 
these  two  subjects.  To  be  sure,  this  criticism  applied  equally 
to  the  Liberal  Arts  Colleges  and  to  all  other  departments  in 
which  the  standardized  requirements  for  freshman  English 
were  in  force.  The  noteworthj-  difference  in  the  engineering 
colleges  arose  from  the  fact  that  English  appeared  to  be  a 
stray  subject.  The  technical  studies  formed  a  fairly  close- 
knit  group,  each  with  its  particular  function  and  its  relation 
to  the  whole  purpose  of  the  curriculum.  As  for  English,  it 
was  sufficient  for  the  technical  instructors  to  allow  it  three 
hours  a  week  in  the  schedule  for  the  freshman  year  and  then 
to  forget  its  existence.  All  too  frequently,  the  instructor  in 
English  paralleled  this  attitude  by  thinking  it  enough  that  he 
give  the  students  three  hours  a  week  of  something,  anj-thing, 
and  then  forget  about  their  existence.    The  students  were  even 
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more  willing  to  forget,  once  they  had  canceled  the  require- 
ments imposed  by  tradition.  This  situation  was  frankly  ad- 
mitted by  all  parties  to  the  arrangement,  and,  except  for  a 
different  procedure  in  a  dozen  or  so  institutions,  it  may  almost 
be  called  typical. 

Granted  the  original  assumption,  that  English  for  engineer- 
ing students  is  a  threefold  nuisance,  to  be  abated  as  soon  as 
possible,  it  was  perfectly  logical  that  it  should  be  dismissed 
from  everybody's  consciousness  in  the  comparatively  painless 
manner  just  indicated.  Naturally,  this  view  of  the  matter 
precluded  any  profitable  response  to  the  Committee's  inquiry. 
Xobody  troubled  himself  about  the  purpose  of  English  or  the 
kind  of  instruction.  The  teacher  of  English  was  not,  strictly 
speaking,  a  member  of  the  engineering  faculty.  By  common 
consent,  he  remained  at  a  safe  distance  from  the  scene  of  pur- 
poseful instruction. 

It  would  be  unfair  to  omit  passing  reference  to  the  excep- 
tions. In  several  engineering  eoUeges,  notably  Tufts.  Dela- 
ware, ^lassachusetts  Institute  of  Technology.  Case,  Iowa  State 
College,  the  University  of  Cincinnati,  and  the  state  universi- 
ties of  Kansas,  Virginia,  Wisconsin,  Michigan,  and  Illinois,  a 
different  attitude  was  reported.  In  some  of  these  schools,  the 
initiative  had  come  from  the  technical,  in  others,  from  the 
English,  department,  but  the  resnlt  was  the  same  in  either 
case.  Wherever  the  two  had  joined  in  an  effort  to  solve  their 
common  problem,  the  course  in  English  had  become  more  in- 
teresting and  more  effective. 

Soon  after  this  investigation  was  made,  there  began  what 
may  be  called  a  period  of  ''academic  introspection" — an  era 
which  continues  to  the  present.  The  constant  pressure 
for  the  addition  of  new  subjects  to  the  currictilum  called  for 
an  examination  of  those  already  included,  to  determine  their 
relative  importance.  The  frank  criticism  of  engineering 
graduates  by  business  and  professional  men  gave  impetus  to 
this  movement.  As  Dr.  Mann  has  pointed  out  in  his  report, 
the  need  for  a  broader  training  was  evident,  if  the  colleges 
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were  to  supply  the  type  of  engineer  demanded  by  modern 
conditions. 

Since  English  had  been  so  generally  treated  as  a  mere  tra- 
ditional appendage  to  the  engineering  curriculum,  any  analy- 
sis which  the  various  colleges  made  of  the  course  of  study  was 
likely  to  benefit  the  English  department.  Even  if  the  subject 
were  dropped,  its  omission  would  hardly  be  worse  than  its 
continuance  on  a  basis  of  traditional  perfunctoriness  or  indif- 
ference. As  a  matter  of  fact,  in  many  colleges  English  has  been 
given  a  more  favorable  status.  Its  function  has  been  more 
clearly  defined,  and  for  this  reason,  even  where  the  general 
outlines  of  the  course  have  remained  unchanged,  the  spirit  of 
the  instruction  has  been  improved.  The  amount  of  time  given 
to  English  either  has  remained  the  same  or  has  been  in- 
creased. Expansion  of  the  work  of  the  English  department 
has  come  in  two  ways:  first,  by  the  addition  of  new  courses  in 
such  subjects  as  journalism,  report  writing,  argumentation, 
general  literature,  technical  literature,  and  public  speaking; 
secondly,  in  the  inclusion  with  English  of  certain  other  hu- 
manistic or  cultural  subjects,  such  as  current  issues,  history, 
logic,  and  political  economy.  The  second  development,  which 
our  present  investigation  shows  to  be  limited  in  extent,  may 
perhaps  be  regarded  as  a  tribute  to  the  English  teacher's 
versatility,  or  at  least,  to  the  range  of  his  department.  It  is 
more  significant,  of  course,  as  an  indication  of  the  recent 
broadening  and  humanizing  of  the  course  in  engineering,  and 
should  be  considered  along  with  the  inclusion  of  other  non- 
technical subjects  which  have  primarily  cultural  or  humaniz- 
ing value. 

The  instructor  in  English,  even  though  he  may  not  be  called 
upon  to  teach  non-technical  subjects  outside  his  own  field,  is 
interested  in  the  student's  background.  For  this  reason,  and 
also  because  the  matter  seemed  not  to  fall  within  the  scope  of 
any  other  committee  of  the  Society,  Committee  No.  12  de- 
cided to  include  in  this  year's  investigation  a  survey  of  re- 
quired  and  elective  non-technical  courses.     It  was  believed 
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that  information  regarding  this  matter  would  be  of  interest  to 
all  members  of  the  Societ}^  who  are  concerned  with  the  engi- 
neering curriculum.  Accordingly,  certain  data  were  collected, 
and  expressions  of  attitude  and  policy  were  requested  from 
deans  and  professors  in  the  various  institutions  repre- 
sented in  the  Society's  membership.  Some  of  these  expres- 
sions of  opinion  and  policy  are  found  in  the  May  issue  of 
Engineering  Education.  The  attitude  indicated  by  the  quo- 
tations in  this  preliminary  report  is  typical  of  all  who  have 
responded.  Although  preferences  differ  as  to  the  particular 
studies  to  be  given,  their  place  in  the  schedule,  or  the  manner 
of  teaching  them,  there  is  complete  unanimity  regarding  the 
desirability  of  instruction  in  humanistic  subjects.  In  truth, 
the  only  limiting  factor  generally  recognized  is  the  irreducible 
minimum  of  instruction  in  the  fundamental  technical  studies 
during  four  years  of  college  work. 

Statistics  are  now  being  compiled  which,  it  is  believed,  will 
give  a  fairly  comprehensive  view  of  the  instruction  now  given 
in  English  and  in  other  non-technical  subjects  which  are  more 
or  less  nearly  related  to  it.  The  committee  will  ask  leave  to 
print  during  the  year  a  tabuilated  digest  of  information  re- 
ceived from  the  various  institutions  cooperating  with  us  in 
this  investigation.  This  includes  practically  all  the  schools  of 
engineering.  (Parenthetically,  I  wish  to  comment  upon  the 
cordial  spirit  shown  by  deans  and  others  in  responding  to  the 
committee's  inquiries.  I  hope  that  until  we  can  acknowledge 
their  contributions  directly  to  the  individuals,  this  general 
statement  of  appreciation  will  be  accepted  in  lieu  of  special 
mention.) 

Although  the  data  promised  have  not  all  been  received, 
sufficient  material  is  at  hand  to  indicate  pretty  clearly  the 
status  of  the  engineering  curriculum  at  present.  It  is  hardly 
likely  that  the  percentages  will  be  materially  affected  by  the 
remaining  institutions  which  will  be  included  in  the  commit- 
tee's published  report. 

Of  58  engineering  colleges  from  which  the  committee  has  so 
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far  received  data,  all  but  four  (93  per  cent.)  require  the  stand- 
ard freshman  course  in  English  composition.  Three  of  these 
four  exceptions,  however,  require  its  equivalent  for  entrance. 
The  other  one  plans  to  introduce  instruction  in  English  com- 
position next  year,  and  a  committee  of  the  faculty  is  working 
out  a  program  to  this  end.  Thirty-seven  (64  per  cent.)  of 
the  58  require  an  advanced  course  in  English  composition, 
consisting  of  report  writing,  technical  journalism,  public 
speaking,  or  argumentation,  especially  designed  for  engineer- 
ing students.  Forty-four  (76  per  cent.)  require  non-technical 
studies  other  than  English  composition  and  modern  languages. 
Of  these  non-technical  subjects,  the  most  popular  is  economies, 
required  in  33  institutions  (57  per  cent.).  Literature  is  a 
close  second,  being  required  in  30  (52  per  cent.)  of  the  col- 
leges reporting.  History  comes  next,  with  16  schools  (28  per 
cent.)  requiring  it  for  the  engineering  degree.  The  other  re- 
quired subjects  listed,  with  the  respective  number  of  col- 
leges requiring  them  are  as  follows:  Political  Science,  3; 
Logic,  2 ;  Psychology,  1 ;  Philosophy,  1 ;  Bible,  1. 

C.  M.  Park,  Chairman, 
University  of  Cincinnati. 


THE    QUALIFICATIONS    OF    THE    TEACHER    OF 
ENGLISH  FOR  ENGINEERING  STUDENTS. 

BY  S.  A.  HAEBAKGEE, 

Department  of  English.  Ohio  State  University. 

After  satisfactory  compromises  have  been  effected  concern- 
ing the  course  of  study  that  will  best  train  the  engineering 
student  for  his  profession,  there  is  still  the  necessity  of  mak- 
ing a  careful  study  of  the  individual  traits  of  this  student, 
and  those  of  the  teacher  who  is  to  train  him  in  the  funda- 
mentals of  engineering,  and  in  the  business,  ethical  and  cul- 
tural standards  that  belong  peculiarly  to  engineering  as  a 
profession.  Colleges  and  universities  can  serve  better  and 
cooperate  more  fully  than  they  now  do  with  the  concerns  into 
which  their  graduates  are  likely  to  go,  if  they  will  make  the 
conscious  effort  to  know  definitely  and  guage  accurately  the 
ability  and  the  professional  and  personal  character  of  their 
undergraduates  and  of  their  academic  leaders. 

It  is  not  the  purpose  of  this  discussion  to  consider  the  quali- 
ifications  or  specifications  for  leadership  that  are  essential  to 
the  teacher  of  engineering  fundamentals.  There  are,  doubt- 
less, specific  demands  that  ought  to  have  separate  study.  One 
thing  is,  however,  probably  true.  The  students  do  not  so  fre- 
quently come  to  mathematics  and  chemistry  with  such  ap- 
parent dislike  or  with  such  violent  and  positive  antagonism 
as  they  do  to  English,  which,  from  their  previous  study  of  it, 
seems  to  them  quite  unrelated  to  their  future  profession.  The 
teacher  of  English,  therefore,  is  immediately  compelled  to 
make  plain  the  relationship  between  English  and  engineer- 
ing in  order  to  secure  the  tolerance  and  the  cooperation  of 
the  engineering  student. 

The  experience  of  the  most  successful  teachers  of  English 
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for  engineering  students  seems  to  have  demonstrated  very 
clearly  and  convincingly  that  the  college  course  in  this  sub- 
ject should  start  with  the  students'  interest  in  engineering 
and  should  make  plain  to  them  that  they  need  English  (1)  to 
amplify,  reinforce,  make  clear,  and  extend  the  range  of  the 
ideas  expressed  throueh  blue  prints,  and  mathematical  sym- 
bols and  formulas:  (2»  to  become  articulate  for  the  purpose 
of  rendering  through  their  profession,  effective  and  con- 
structive service  to  the  world;  (3)  to  be  able,  because  of  a 
similarity  of  cultural  background,  to  take  their  rightful  place 
among  men  of  other  professions  as  progressive  leaders  in 
their  communities. 

A  course  with  this  extended  yet  graduated  aim  seems  to 
accomplish  the  best  results  because  it  takes  into  account  the 
fact  that  the  engineering  student  has  some  very  pronounced 
and  easily  discernible  characteri.stics.  First  of  all.  at  the 
very  outset  of  his  college  course,  he  is  unusually  definite  as 
compared  with  students  registered  in  other  colleges.  Next, 
he  is  very  practical.  That  is.  he  wants  his  college  work  as- 
sociated with  reality:  he  insists  upon  tangible  results  from 
all  of  his  efforts.  Then,  he  is  eager  and  enthusia.stic  about 
his  work  and  extremely  impatient  with  anything  that  re- 
tards his  progress.  Some  of  tliis  eagerness  and  this  enthu- 
siasm are.  of  course,  indicative  of  his  youthfulness — the 
source  also  of  his  first  intolerance  of  cultural  subjects,  and 
his  lack  of  appreciation  of  relative  values.  But  under  a 
sympathetic  and  well  balanced  instructor,  this  eagerness  and 
this  enthusiasm  can  be  restrained,  directed,  and  invested  by 
the  student  so  that  they  become  great  factors  for  success  in 
his  maturity.  They  are  the  qualities  that  preser\-e  his  ideal- 
ism and  keep  his  faith  alive  in  spite  of  loss,  disappointment, 
failure,  and  disillusionment. 

These  pronounced  characteristics  of  the  engineerine  stu- 
dent-definiteness.  practicality,  eagerness,  enthusiasm  and 
youthfulness — have  a  direct  bearing  upon  the  English 
teacher.    His  own  characteristics  mu.st  be  supplementary  and 
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even  similar  if  he  is  to  recognize  and  capitalize  these  traits  in 
his  students,  and  to  give  orientation,  reach,  direction,  re- 
straint, balance  and  power  to  those  who  come  under  his  in- 
fluence. 

"With  the  idea  of  discovering,  at  least  a  few  definite  quali- 
fications of  a  teacher  of  English  for  this  student  with  very 
distinct  characteristics,  and  with  a  very  clearcut  aim  in  mind, 
your  Committee  in  its  questionnaire,  included  one  heading  on 
qualifications.  To  these  suggestions  from  deans  of  various 
colleges  of  engineering  in  the  United  States  and  Canada  and 
from  interested  instructors  in  English — heads  of  departments 
and  special  teachers — the  writer  has  added  twelve  years'  ob- 
servation and  teaching  experience :  discussion  on  every  oppor- 
tune occasion  within  that  time  on  the  subject  of  English  for 
engineering  students  with  thoughtful  undergraduates,  prac- 
ticing engineei-s.  prominent  members  of  engineering  college 
faculties  of  several  well  known  educational  institutions ;  care- 
ful reading  and  study  of  the  technical  press.  What  follows, 
therefore,  represents  the  pooling  of  the  opinions  from  these 
several  sources. 

All  would  probably  agree  that  there  are  certain  necessary 
characteristics  of  English  teachers  that  are  common  to  every 
one,  irrespective  of  what  type  of  student  comes  under  his 
leadership.  These  qualities  are  accurate  professional  knowl- 
edge, successful  experience,  liveness,  insight,  balance,  judg- 
ment, s^^npathy,  breadth,  tolerance,  culture,  and  character. 
As  outgrowths  of  these,  and  as  extended  developments  of 
them  perhaps,  are  certain  distinctive  traits  as  pronounced 
and  as  noticeable  in  the  English  teacher  for  engineering  stu- 
dents as  those  who  follow  his  instruction.  These  traits  are 
worth  extended  study,  for  they  are  vital  to  his  success  and  to 
that  of  the  college  of  engineering. 

First  of  all.  the  teacher  of  English  must  have  an  apprecia- 
tion of  the  engineer's  use  for  language.  He  must  realize  that 
the  engineer  needs  English  as  a  tool — an  accurate,  well  de- 
signed, powerful  tool,  capable  of  a  variety  of  uses  that  will 
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bring  the  engineer  financial  returns  and  advance  his  profes- 
sional prestige.  The  good  English  teacher  is  free  from  the 
"culture  obscession."  Though  he  may,  before  the  course  is 
completed,  lead  out  into  some  of  the  cultural  aspects  of 
English  by  subtle  references  and  appropriate  comparisons, 
yet  he  never  loses  sight  of  the  fact  that  engineers  need  English 
as  a  tool.  He  associates  English,  therefore,  with  reality  and 
finds  an  objective  for  his  students'  thoughts,  as  they  express 
them  in  speech  and  in  writing,  that  is  within  their  range  and 
that  leads  toward  their  goal.  He  attempts  to  guide  con- 
structively their  imaginations.  Through  system,  clearness,  and 
accuracy  to  a  fine,  honest  sense  of  proportion  and  relative 
values,  and  independent  thinking.  He  trains  for  remorseless 
and  scientific  eflSciency  in  the  use  of  words  for  the  purpose  of 
getting  tangible  results.  He  makes  the  connection  of  English 
with  engineering  apparent. 

Though  some  few  seem  to  think  that  the  teacher  of  English 
should  have  an  engineering  degree,  most  do  not  consider  such 
specialization  necessary.  But  the  instructor  in  English  most 
unquestionably  have  an  interest  in  science  and  some  engi- 
neering aptitude  whereby  he  will  intuitively  understand  and 
sympathize  with  the  problems  and  ambitions  of  his  students. 
He  must  be  sincerely  interested  in  the  whole  aim  and  trend 
of  engineering  education :  respect,  admire,  and  be  a  good 
listener  and  get  men  to  talk  enthusiastically  of  their  work. 
He  must  have  enongh  knowledge  of  the  hardships  and  the  diffi- 
culties that  are  encountered  in  an  engineering  undertaking  to 
appreciate  the  cost  not  only  in  dollars  and  cents  but  in 
enei^y  and  spirit,  and  to  understand  the  justifiable  glow  of 
elation  and  the  feeling  of  victory  that  every  engineer  has 
when  his  work  is  complete,  safe  and  useful.  A  teacher  of 
English  who  has  this  insight,  knowledge,  and  sympathy  has 
an  engineering  aptitude;  he  can  give  breadth  of  vision  to 
those  who  are  taking  up  engineering  as  a  profession.  He  has 
a  knowledge  of  the  distinctive  features  of  the  various  branches 
of  engineering  and  can  impart,  through  his  own  inherent  in- 
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terest  and  sincerity  of  feeling,  a  spirit  that  will  tend  to  make 
his  students  plod  on  willingly  in  the  daily  routine. 

A  third  special  qualitication  is  that  the  English  instructor 
must  be  able  to  write  articles  that  are  acceptable  to  technical 
journals  and  magazines.  Definite  results  of  theory  wherever 
they  appear  always  impress  engineering  students.  If  in  their 
perusal  of  technical  periodicals — for  every  good  teacher  of 
English  will  turn  the  attention  of  his  students  early  to  the 
current  literature  of  his  profession — they  come  upon  articles 
written  by  the  English  instructor,  the  stock  of  English  and 
of  the  instructor  rises.  If.  in  addition,  the  English  teacher 
accepts  opportunities  to  write  articles  for  student  technical 
publications,  he  can  gain  much  prestige  through  this  connec- 
tion with  the  activities  of  the  technical  students,  and  is  also 
less  of  an  outsider.  In  both  cases,  the  English  instructor  has 
a  splendid  chance  to  demonstrate  that  he  can  practice  what  he 
preaches.  For  he  pays  particular  attention  to  organization, 
display,  clearness,  conciseness,  and  emphasis.  Incidentally, 
this  actual  writing  keeps  the  instructor  from  being  too  the- 
oretical and  from  expecting  too  much  from  immature,  un- 
skilled and  inexperienced  writers.  It  makes  his  teaching  live 
and  convincing:  it  gives  him  an  incentive  for  keeping  fit.  It 
takes  remorseless  and  scientific  eflBeiency  in  the  use  of  words 
to  practice  what  one  preaches  in  an  English  class  composed  of 
engineering  students.  Yet  it  is  a  valuable  demonstration  of 
complete  and  satisfactory  assembling  of  material  to  produce 
the  desired  result.  It  is  the  kind  of  practical  demonstration 
that  wins  the  engineering  student  and  secures  his  sincere  and 
hearty  cooperation. 

A  fourth  peculiar  asset  of  the  teacher  of  English  for  tech- 
nical students  is  a  wide  acquaintance  with  practicing  engi- 
neers through  their  writings  and  through  natural  personal 
friendships.  This  acquaintanceship  is  absolutely  necessary 
if  the  instructor  is  to  keep  his  teaching  rich,  full,  forward- 
looking,  and  convincing.  He  learns  from  both  sources  the 
tendencies  of  modern  engineering  thought,  the  present  day 
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problems  and  projects,  the  iuereasing  rauge  of  influence  of 
the  engineering  profession,  the  character  of  the  leaders,  the 
sincerity  of  their  leadership,  their  breadth  of  vision,  and  their 
conception  of  the  human  relationships.  He  talks,  he  listens, 
he  reads,  he  adventures  under  their  guidance  and  receives 
their  interpretation  of  "utilizing  the  forces  and  materials  of 
nature  for  the  benefit  of  mankind  by  scientific  design  and 
efficiently  directing  human  effort.'" 

"The  four  qualities  considered  thus  far — appreciation  of 
English  as  a  tool,  engineering  aptitude,  capacity  for  writing, 
wide  acquaintanceship — have  a  direct  bearing  upon  the  actual 
machinery  of  conducting  classes.  These  give  the  instructor 
his  method  of  leadership,  for  they  create  in  his  students  co- 
operation and  a  desire  to  work.  Through  these  he  has  his 
direct  relations  with  his  men.  The  fifth  qualification  is  a 
phase  of  personality  in  the  English  instructor  that  gains 
from  the  faculty  of  the  engineering  college  the  confidence,  the 
active  cooperation,  the  constructive  criticism,  and  the  further 
stressing  in  all  the  technical  courses — as  a  part  of  every 
course — of  the  need  and  the  A'alue  of  good  English  for  the 
engineer.  This  backing  from  the  engineering  faculty  aids  the 
English  teacher  in  making  his  course  an  integral  part  of  the 
curriculum  of  the  technical  college.  Indeed,  this  support  is 
necessary  to  his  success  and  to  a  well  rounded  course  in  engi- 
neering. 

The  last  qualification  of  the  English  instructor  is  one  that 
has  not  yet  been  fully  recognized  and  utilized.  Indeed,  it  has 
as  yet  been  suggested  by  no  one.  The  vocational  guidance 
should  be  present  in  every  good  instructor  of  technical  stu- 
dents. The  English  teacher,  however,  is  likely  to  have  the 
most  accurate  and  extended  information.  He  pretty  gener- 
ally deals  with  the  first-year  men ;  he  has  the  best  source  of 
any  instructor  of  freshmen  from  which  to  obtain  an  inti- 
mate knowledge  of  the  aims  and  the  aspirations  of  these  men. 
their  previous  experience,  their  immediate  difficulties  and  short- 
comings.    Xo  other  instructor  of  freshmen  engineers,  except 
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perhaps  the  instructor  of  general  engineering  drawing,  re- 
ceives as  much  tangible  evidence  from  every  student.  The 
instructor  in  English,  through  the  personal  conference  with 
each  student  which  is  a  necessary  part  of  the  teaching,  and 
through  the  weekly  themes  which  are  written  on  carefully 
assigned  subjects  of  a  more  or  less  personal  nature,  acquires 
a  very  detailed  and  definite  knowledge  of  his  students.  To 
the  experienced  teacher,  the  themes  have  much  significance, 
for  they  indicate  pretty  accurately  the  student's  state  of  rest 
or  unrest.  The  personal  conference  checks  the  impression 
gathered  from  the  themes;  consequently  the  instructor  can 
make  some  very  reliable  assumptions.  Surely  it  is  worth  the 
effort  on  the  part  of  faculties  of  colleges  of  engineering  to 
appreciate  the  means  that  they  have  at  hand  of  securing  the 
results  of  intelligent  study  by  a  person  with  training,  in- 
sight, balance,  breadth,  judgment,  culture  and  character;  and 
to  study  closely  and  demand  the  selection  of  those  teachers 
of  English  who  have  this  vocational  guidance  instinct.  The 
fatalities  among  first-year  men  are  great ;  the  unrest  and 
often  openly  expressed  dissatisfaction  among  fourth-year 
men  are  too  wide  spread.  The  results  of  the  Alpha  Army 
test  and  of  the  engineering  aptitude  test  have  not  extended 
over  a  long  enough  period  to  have  yet  final  significance.  Few 
colleges  also  have  applied  them  very  far  in  the  study  of  each 
individual.  Until  the  data  of  these  tests  can  be  given  ex- 
tended application  and  until  colleges  can  give  more  time  to 
the  study  of  the  individual,  there  is  need  for  some  one  some- 
where along  the  line  to  apply  the  rudiments,  at  least  of 
vocational  guidance  to  save  every  one  time  and  effort.  The 
teacher  of  English  has  the  facilities  now  for  the  elementary 
application  as  a  natural  and  necessary  part  of  his  instruction 
in  English.  If  wisely  selected  because  of  the  special  qualifica- 
tions previously  considered,  he  will  have  the  information 
available  for  immediate  use.  Until  some  more  competent  per- 
son is  found  who  can  devote  all  his  time  to  this  vocational 
guidance  study,  the  well  qualified  instructor  in  English  is 
21 
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the  best  trained  and  the  logical  person  to  speak  authoritatively 
upon  the  inherent  assets  and  liabilities  of  the  students. 

A  few  other  qualifications  of  the  English  teacher  ought  to 
be  mentioned  in  passing — geniality,  some  industrial  experi- 
ence \rhich  will  temper  wisely  his  academic  eccentricities,  a 
knowledge  of  students  from  all  the  other  colleges  in  the  uni- 
versity before  he  specializes  in  the  teaching  of  technical  stu- 
dents, and  well  demonstrated  executive  ability. 

The  use  of  the  course  in  English  has  many  j^ossibUities  for 
engineering  college  and  for  the  student.  It  behooves  the 
faculty  of  the  college  of  engineering  and  departments  of 
English,  therefore,  to  give  careful  consideration  to  the  teach- 
ing of  this  subject,  and  to  appoint  only  those  teachers  who 
measure  up  to  the  general  qualifications  and  to  the  specific 
ones :  those  who  have  maturity,  wide  experience,  and  a  variety 
of  interests.  If  yotmg  and  inexperienced  teachers  have  to  be 
used.,  they  should  be  under  the  supervision  of  one  English 
teacher  who  can  develop  these  new  teachers  into  the  kind 
that  are  needed.  But  the  work  ought  to  be  rated  high  enough 
to  hold  for  more  than  a  transitory  year  or  two.  competent, 
progressive  men  and  women  who  are  willing  and  eager  to 
spend  and  to  be  spent  in  the  teaching  of  English  to  technical 
students.  If  engineering  faculties  and  engineering  societies 
would  .state  definitely  what  they  need,  take  active  steps  toward 
recognizing  English  as  fundamental  to  successful  engineering 
practice,  and  a.sk  for  the  teacher  with  the  special  qualifica- 
tions instead  of  accepting  whoever  is  sent  to  them,  they  could 
raise  the  standard  of  English  teaching  in  all  engineering  col- 
leges and  give  encouragement  to  those  teachers  already  givini 
instruction  in  English  to  technical  students.  Concerted,  defi- 
nite taking  of  stock  and  cooperation  between  engineering 
faculties  and  departments  of  English  are  desirable.  There 
are  tractable  students.  There  are  well  qualified  teachers  of 
English.  Engineering  educators  should  urge  that  these  quali- 
fied instructors  should  have  the  opportunity  to  contribute 
generouslv  to  the  training  of  the  future  engineer. 


Discussioisr.  307 

Discussion. 

Professor  C.  W.  Park:   Mr.  President,  and  Members  of  the 

Society:  Perhaps  the  committee's  most  important  contribu- 
tion has  already  been  made,  although  you  may  not  be  aware 
of  it.  In  releasing  Professor  Nelson,  who  is  a  member  of  the 
committee,  in  order  that  he  might  devote  his  time  entirely  to 
entertainment  work,  the  committee  feels  that  it  really  has 
contributed  something  important  to  this  convention  already. 
The  original  plan  was  for  Professor  Nelson  to  present  a 
paper  at  this  time,  and  I  expected  to  sit  back  and  listen.  I 
shall,  however,  since  this  change  has  been  made,  present  a 
part  of  our  data,  and  shall  ask,  another  member  of  the  com- 
mittee. Miss  Harbarger,  to  present  briefly  a  second  part  in 
which  some  of  the  members  have  expressed  special  interest. 
I  should  like  at  the  outset  to  refer  to  the  way  the  work  of 
the  English  Committee  ties  in  with  the  discussion  this  morn- 
ing. Mr.  Coler  made  a  direct  reference  to  the  importance  of 
English  as  a  part  of  the  equipment  of  young  engineering 
graduates.  Even  a  closer  connection  was  suggested  in  the 
paper  presented  by  Professor  Newell.  I  think  it  is  becoming 
increasingly  evident — the  reports  we  have  received  all  indi- 
cate this — that  unless  the  engineering  graduate  is  capable  of 
articulating  his  thought  for  the  general  public,  he  is  not  going 
to  be  appreciated.  He  is,  as  those  of  us  who  are  closely  asso- 
ciated with  engineering  recognize,  the  most  important  factor 
in  modern  civilization,  but  he  is  also  by  and  large  what 
may  be  called  a  silent  partner  in  civilization.  Unless  there 
is  some  means  of  presenting  in  a  dignified  way  the  work  that 
the  engineer  is  doing,  the  recognition  to  which  is  so  well  en- 
titled will  not  come  to  him.  I  should  like  to  say  parenthetic- 
ally it  has  been  my  obsen^ation,  and  that  of  a  good  many 
others  from  whom  I  have  heard,  that  you  will  get  salary  by 
getting  recognition,  first,  rather  than  the  reverse.  Anybody 
who  has  noticed  how  some  political  jobs  have  been  filled  will 
recall  that  it  is  not  possible  to  dignify  a  person  or  make  him 
competent  merely  by.  giving  him  a  large  salary.     The  first 
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thing  is  his  demonstration  of  his  fitness,  of  his  service,  and 
the  only  way  the  public  ever  will  find  out  about  that  is  for 
the  engineer  to  become  articulate,  as  Morris  Llewellyn  Cook 
did  in  his  famous  report  made  to  the  City  of  Philadelphia, 
It  is  that  phase  of  preparation  in  English  with  which  the 
Committee  has  been  most  impressed.  The  part  I  wish  to 
present  is  the  report  of  progress  of  the  investigation  made 
during  the  present  year. 


REPORT  OF  COMMITTEE  NO.  13,  MECHANICS 
AND  HYDRAULICS. 

CORRELATION  OF  COURSES. 

BY  0.  H.  BASQUIN, 

Northwestern  University,  Evanston,  Illinois. 

On  May  3  and  4,  1920,  a  conference  was  had  at  Iowa  City, 
Iowa,  between  Professor  Stewart,  chairman  of  the  Committee 
on  Physics,  and  Professor  Basquin,  chairman  of  the  Com- 
mittee on. Mechanics  and  Hydraulics. 

The  topic  of  discussion  was  Correlation  of  Courses,  particu- 
larly Correlation  of  the  Mechanics  Portion  of  General  Physics 
and  the  subsequent  course  in  Mechanics,  and  still  more  par- 
ticularly whether  the  proposed  cooperation  of  the  two  com- 
mittees in  making  a  combined  syllabus,  table  of  contents  or 
dictionary,  is  appropriate  and  practical. 

These  notes  are  intended  to  record  briefly  some  of  the  views 
of  the  chairman  of  the  Committee  on  Mechanics  and  Hydrau- 
lics. 

The  courses  of  instruction  may  be  said  to  be  correlated 
if  each  instructor  understands  the  aim  of  the  other  and  if 
he  so  plans  his  instruction  as  to  accommodate  the  aim  of  the 
other  instructor  as  well  as  his  own. 

Lack  of  correlation  appears  to  be  a  natural  result  of  special- 
ization and  of  the  division  of  the  forces  of  instruction  into 
separate  departments  according  to  topics  of  specialization. 
In  specialization  one  narrows  his  point  of  view  to  his  own 
topics ;  his  judgment  becomes  excellent  on  these  topics  but  it 
may  be  poor  on  others.  Instructors  in  allied  departments 
naturally  develop  different  points  of  view ;  they  take  pride  in 
developing  superior  points  of  view  and  they  naturally  plan 
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their  instruct  ion  to  suit  the  points  of  .view  of  their  own  de- 
partments.   Thus  arises  a  lack  of  correlation. 

In  a  comparatively  young  institution  the  lack  of  correla- 
tion is  likely  to  be  less  marked.  The  number  of  departments 
is  smaller ;  specialization  has  not  become  so  marked ;  the  small 
number  of  instructors  gives  each  a  better  opportunity  to  learn 
the  views  of  others,  and  it  is  possible  for  each  instructor  to 
see  that  the  success  of  the  institution  depends  more  upon 
cooperation  than  upon  brilliant  teaching  in  one  topic  that  may 
not  fit  into  the  general  plan. 

The  lack  of  correlation  is  therefore  looked  upon  as  the 
natural  result  of  the  common  plan  of  organizing  highly  spe- 
cialized instructors  into  separate  departments.  Assuming 
that  the  lack  of  correlation  exists,  how  may  this  lack  be  over- 
come ?    How  may  correlation  be  introduced  ? 

There  seems  to  be  a  tendency  in  some  institutions  to  de- 
mand that  engineering  students  shall  receive  their  instruc- 
tion from  engineering  instructors,  men  of  engineering  train- 
ing if  not  of  engineering  experience.  A  few  years  ago,  the 
students  of  medical  schools  received  practically  all  their  in- 
struction from  medical  instructors;  this  is  now  in  process  of 
change  to  a  scheme  whereby  liberal  arts  instruction  is  re- 
quired of  such  students  before  entering  medical  schools.  It 
is  not  evident  that  engineering  students  can  afford  to  miss  the 
liberalizing  influence  that  may  come  from  contact  with  in- 
structors who  are  not  engineers;  it  is  not  believed  that  this 
plan  for  the  introduction  of  correlation  is  of  general  applica- 
tion. 

Further,  it  is  not  believed  that  a  suggestion  that  instructors 
should  be  less  highly  specialized  or  that  any  radical  change 
should  be  made  in  their  organization  into  departments  would 
be  received  with  favor  by  any  considerable  number  of  institu- 
tions. The  present  arrangements  correspond  to  some  extent 
to  modern  methods  of  manufacture  wherein  distinct  processes 
are  conducted  by  specialists  in  distinct  departments. 

The  method  of  manufacture  appears  to  differ  from  the 
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college  organization  in  that  the  material  operated  upon  is 
much  more  tangible  than  that  upon  which  instructors  work; 
inappropriate  treatment  of  this  material  is  thus  easily  de- 
tected in  manufacturing  whereas  it  is  scarcely  evident  in 
education  and  its  result  may  be  attributed  to  the  wrong  cause. 
The  differences  pointed  out  naturally  lead  to  closed  coopera- 
tion between  departments  in  manufacturing  than  in  educa- 
tion; and  in  manufacturing  that  difference  of  opinion  be- 
tween departments  leads  to  a  prompt  and  effective  decision  by 
the  administration:  differences  of  opinion  in  manufacturing 
are  not  allowed  to  interfere  with  consistent  processes. 

In  college  organization  the  different  departments  in  one 
college  are  supposed  to  be  bound  together  by  the  dean  of  that 
college;  it  is  his  business  to  see  that  the  departments  work 
harmoniously;  that  their  instruction  be  correlated.  The 
dean's  authority  may  not  extend  beyond  his  own  college.  If 
correlation  is  to  be  established  between  two  departments  -  in 
different  colleges,  it  seems  necessary,  according  to  the  rules, 
to  enlist  the  influence  of  the  deans  of  both  these  colleges  in 
favor  of  such  correlation,  or  to  carry  the  question  to  the  presi- 
dent of  the  institution.  This  is  an  awkward  process  for  the 
purpose,  to  say  the  least.  But  since  these  officials  represent 
the  correlating  influences  in  the  organization.  I  think  is  essen- 
tial that  they  realize  that  effective  correlation  can  become 
general  only  through  their  action  in  its  favor. 

If  the  instructors  in  two  courses  desire  to  establish  correla- 
tion in  their  work,  what  is  to  prevent  their  doing  it?  The 
conditions  for  correlation  are  given  in  the  fourth  paragraph 
of  these  notes.  The  instructors  are  on  the  same  campus ;  they 
meet  frequently;  a  few  conferences  on  the  subject  will  make 
clear  to  each  instructor  what  the  general  aim  of  the  other  is ; 
an  exchange  of  textbooks  with  marks  at  important  parts  will 
lead  to  a  thorough  understanding.  Given  the  desire  to  intro- 
duce correlation,  I  see  no  considerable  obstacle  to  its  effective 
and  prompt  introduction.  The  one  lack  is  the  desire;  the 
desire  on  the  part  of  both  instructors.     To  introduce  correla- 
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tion,  the  first  thing  that  is  to  be  supplied  is  the  desire  to  do  it. 
I  think  that  this  will  not  arise  in  the  minds  of  both  men  spon- 
taneously and  simultaneously.  This  desire  must  come  from 
another  source.  It  must  come  from  the  correlating  oflScial  of 
the  institution.  Each  instructor  must  be  told  by  his  own  dean 
that  correlation  must  be  introduced;  that  the  dean  does  not 
care  how  differences  of  opinion  are  settled  between  the  depart- 
ments, but  that  consistent  instruction  must  be  introduced 
without  delay. 

Professor  ^lann's  Report  on  Engineering  Education  con- 
tains an  interesting  account  (page  30  of  the  means  used  at 
Univereity  of  Cincinnati  to  develop  "a  very  effective  coordi- 
nation of  effort  among  the  several  departments. ' '  It  is  there 
stated  that  similar  efforts  are  being  tried  at  Sheffield  Scientific 
School  and  at  Stevens  Institute. 

The  course  in  General  Physics  is  commonly  given  to  engi- 
neering students  in  the  sophomore  year:  about  30  per  cent, 
of  the  time  for  this  course  is  devoted  to  the  study  of  mechanics. 
Mechanics  is  an  essential  part  of  physics  because  other  parts 
of  physics  are  not  considered  as  explained  satisfactorily  until 
they  are  solved  in  terms  of  mechanics.  This  study  of  me- 
chanics covers  the  fundamental  principles,  it  commonly  em- 
braces experimental  lectures  done  before  large  classes,  some 
individual  laboratory  work,  recitations  on  a  text,  and  the 
solution  of  some  problems.  This  work  is  conducted,  in  gen- 
eral, under  the  direction  of  the  physics  department. 

Instruction  in  mechanics  is  continued  in  a  separate  course 
and  quite  commonly  under  the  direction  of  another  depart- 
ment. In  this  further  work  the  main  object  is  to  give  the 
student  a  working  knowledge  of  the  subject  whose  funda- 
mental principles  have  been  studied  already.  Comparatively 
few  new  principles  are  taught  the  student  in  this  second 
course,  but  many  applications  are  made.  It  is  customary  to 
use  a  different  text  from  the  one  used  in  Physics  and  in  this 
text  the  subject  is  treated  as  a  whole,  de  novo;  the  principles 
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are  again  explained  (perhaps  using  more  mattieinatics  and  a 
somewhat  more  advanced  view)  instead  of  referring  the  stu- 
dent to  his  former  text. 

The  teachers  iu  this  mechanics  course  may  be  young  engi- 
neers with  a  couple  of  years  of  practical  experience :  they  may 
not  know  the  points  of  view  of  the  physics  instructors  in  that 
institution  and  they  may  care  less :  they  may  have  found  that 
certain  points  of  view  in  mechanics  have  been  essential  in 
their  experience  in  practice  and  they  are  determined  to  make 
these  points  clear  to  their  students.  This  mechanics  course 
differs  from  the  physics  work  in  that  subject,  in  point  of  view 
and  in  method  of  instruction — the  solution  of  numerous  prob- 
lems of  a  practical  nature. 

In  January.  1917.  the  Physics  Committee  made  a  report  to 
the  Committee  on  Mechanics,  in  part,  as  follows : 

''The  Committee  on  Physics  veiy  much  regrets  the  gen- 
eral lack  of  cooperation  between  the  two  courses  in  me- 
chanics .  .  .  ." 

"It  realizes  that  this  lack  of  cooperation  is  due  to  the  lack 
of  knowledge  (on  the  part  of  the  instructors  in  physics)  of 
succeeding  engineering  courses  and  of  actual  engineering 
problems,  to  the  lack  of  knowledge  (on  the  part  of  the  instruc- 
tors in  mechanics)  of  the  material  studied  in  the  course  in 
physics,  to  the  apparent  lack  of  knowledge  on  the  part  of  the 
student  in  passing  from  one  course  to  the  other,  and  to  the 
lack  of  recognition  of  the  necessity  of  repeated  reviewing  if 
the  student  actually  is  to  acquire  a  working  knotcledge  of 
mechanics. ' ' 

''It  realizes  that  cooperation  in  the  preparation  of  a  sylla- 
bus on  meclianks  is  highly  desirable  as  a  method  of  influenc- 
ing the  cooperation  which  should  exist  between  the  two 
courses." 

The  report  closed  with  a  recommended  plan  for  the  prepa- 
ration of  the  joint  syllabus.  The  former  Committee  on  Me- 
chanics approved  the  undertaking.     In  December.  1917.  the 
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Committee  on  Physics  presented  to  the  Committee  on  Me- 
chanics its  portion  of  the  proposed  joint  syllabus  on  Mechan- 
ics; and  the  approved  plan  provided  that  the  Committee  on 
Mechanics  would  furnish  additional  material  indicative  of  the 
work  of  the  second  course  in  mechanics.  This  material  was 
not  furnished  promptly  and  the  Committee  on  Mechanics  was 
reorganized  the  following  June.  The  fc^owing  December  the 
matter  of  the  joint  syllabus  was  brought  to  the  attention  of 
the  present  Committee  on  Mechanics  and  Hydraulics.  This 
committee  had  other  work  laid  out  for  last  year.  Its  position 
regarding  the  proposed  syllabus  has  been  unsatisfactory;  ap- 
parently its  members  looked  upon  it  as  work  that  ought  to  be 
done  out  of  courtesy  to  the  Physics  Committee  and  because 
the  preceding  Committee  on  Mechanics  had  approved  the  un- 
dertaking. However,  no  member  showed  enthusiasm  and  all 
appeared  to  be  busy  with  duties  that  seemed  more  important. 
The  matter  was  brought  to  a  head  by  the  request  by  Chairman 
Stewart  for  the  conference  referred  to  at  the  beginning  of 
these  notes. 

The  writer  does  not  believe  that  the  preparation  of  the 
proposed  syllabus  would  have  any  material  influence  in  bring- 
ing about  the  desired  correlation  of  courses.  Correlation  in 
any  one  institution  should  be  made  by  the  adjustment  of 
courses  to  one  another  as  they  are  actually  given  in  that  insti- 
tution, and  not  by  the  adjustment  to  some  proposed  standard 
that  does  not  fit  the  condition  that  are  present  in  any  one 
institution-  The  proposed  syllabus  does  not  supply  the  motive 
for  correlation  on  any  one  institution,  whereas  the  writer  be- 
lieves that  the  motive  for  correlation  is  the  one  essential  re- 
quirement for  its  establishment. 

The  writer  believes  that  the  subject  of  correlation  of  courses 
is  worthy  of  the  attention  of  the  Sk)ciety.  He  believes  that 
a  campaign  should  be  oi^anized  for  the  purpoe  of  caUing  at- 
tention to  the  importance  of  the  subject  and  to  the  necessity 
of  securing  the  assistance  of  the  proper  officials  to  provide  the 
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motive.  He  thinks  that  papers  should  be  published  upon  the 
attempts  that  have  been  made  to  secure  correlation  in  various 
institutions  with  the  results  obtained,  and  that  definite  insti- 
tutions be  approached  for  the  purpose  of  having  experiments 
in  correlation  attempted  for  the  good  of  the  institution  and 
for  the  information  of  the  Society  in  attempting  to  develop 
this  work. 


REPORT  OF  COMMITTEE  "14.  ECONOMICS. 

The  Committee  was  assigned  no  specific  work  by  the  Society 
and  has  no  definite  recommendations  to  make,  but  desires  to 
submit  as  information  certain  observations  concerning  the 
teaching  of  economics  to  engineering  students. 

These  observations  are  not  intended  to  be  recommendations 
as  to  methods  of  teaching,  for  teachers  of  economics  have  their 
own  methods:  they  are  rather  meant  to  indicate  the  results 
which  in  an  engineer's  judgment,  may  be  most  beneficial. 

Point  of  View  ix  Tzachixg  Ecoxoincs  to  Exgixeerixg 

Students. 

In  this  connection,  the  following  statements  of  opinion  are 
offered  by  the  Committee : 

1.  The  introductory  course  of  three  credit  hours  as  recom- 
mended in  the  1918  report,  should  consist  essentially  of  the 
elements  of  economics,  and  be  of  such  a  content  that  it  might 
satisfactorily  sei-ve  as  a  basis  for  further  study  in  advanced 
courses. 

2.  In  the  adjustment  of  time  given  to  the  major  divisions 
of  the  subject,  primary  emphasis  should  be  placed  on  Produc- 
tion. 

3.  Anything  in  the  nature  of  applied  economics  as  related 
to  engineering,  should  be  administered  through  the  regular 
engineering  departments  just  as  the  applied  physical  sciences 
are  administered. 

In  support  of  this  opinion,  attention  may  be  called  to  the 
fact  that  most  text  books  as  well  as  most  professors  of  eco- 
nomics at  present  are  chiefly  or  primarily  concerned  with  the 
distribution  of  the  nation's  wealth  and  the  products  of  in- 
dustry' rather  than  with  the  production  of  this  wealth,  and 
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therefore,  they  stress  the  former  phase  of  economics  above  the 
others.     Exchange  and  commerce  and  the  agencies  thereof 
probably  take  second  place  in  their  estimation  and  consump- 
tion with  the  consideration  of  the  nature  of  human  wants  and 
the  elements  of  value  assigned  to  third  place,  leaving  produc- 
tion to  receive  the  least  attention  of  the  four  major  divisions 
of  the  subject  of  economics.    This  is  not  their  relative  order  of 
importance  as  they  pertain  to  the  profession  of  engineering. 
The  engineer  is  more  concerned  professionally  with  produc- 
tion of  the  foods  than  he  is  with  the  equitableness  of  their  dis- 
tribution, his  interests  in  the  latter  being  that  of  any  citizen. 
He  is  interested,  therefore,  in  the  economic  forces  which  stimu- 
late or  retard  production.    Are  personal  initiative  and  group 
efficiency  promoted  by  private  control  of  the  sources  of  pro- 
duction rather  than  by  government  control  to  the  end  that 
production  is  increased  and  made  more  efficient  1    What  taxes 
are  purely  fiscal  and  what  are  regulatory  aiid  do  some  forms 
of  taxes  unduly  retard  production  ?    Is  output  restricted  and 
diminished  by  certain  laws  intended  to  regulate  industry? 
What  effect  do  adequate  facilities  for  commerce  have  on  pro- 
duction ?    Do  combination  of  capital  on  the  one  hand  and  the 
unionization  of  labor  on  the  other  affect  production?    Do  high 
wages  with  better  standards  of  living  increase  production  over 
low  wage  conditions?     This  sort  of  questions  illustrates  the 
professional  viewpoint  of  the  engineer  with  regard  to  economic 
questions.     For  example,  the  engineer  professionally  is  prim- 
arily interested  in  wages  as  they  affect  production  through 
their  influence  on  workmen's  efficiency  and  otherwise  rather 
than,  in  the  general  social  problem  as  to  whether  they  represent 
the  just  share  of  the  products  of  industry  that  should  go  to 
labor.    In  the  latter,  he  is  interested  as  a  worker  himself  and 
as  a  citizen,  but  the  former  phase  bears  on  his  professional  ac- 
tivity.   For  this  reason  it  is  less  important  for  the  engineering 
student  to  study  at  great  length  the  various  economic  factors 
that  determine  labor's  return  than  it  is  to  know  the  agencies 
which  under  existing  conditions  actually  fix  wages.     That  is, 
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it  is  less  important  for  him  to  follow  through  the  arguments 
of  those  on  the  one  hand  who  believe  that  labor's  share  of  the 
products  of  industrv  (wages)  is  determined  by  "marginal 
utility"  or  "marginal  productivity"  of  labor  and  of  those  on 
the  other  hand  who  contend  that  the  "living  wage"  theory  as 
advanced  by  Marx,  Ricardo  and  Smith  is  the  determining  fac- 
tor, than  it  is  for  him  to  know  that  wages  are  actnally  deter- 
mined in  any  industry  by  the  facilities  for  bargaining  between 
employees.  The  engineer  is  interested  primarily  in  profit  shar- 
ing, industrial  partnership,  etc..  in  so  far  as  these  devices  may 
affect  labor  turnover,  labor  efficiency  and  ultimately,  on  the 
cost  and  quantity  of  production.  In  other  words,  the  Com- 
mittee feels  that  valuable  time  may  be  unwisely  spent  in 
classes  of  engineering  students  with  comparatively  immature 
judgment  in  a  discussion,  as  the  primary  basis  of  a  course  in 
economies,  of  many  of  the  advanced  socialistic  notions  of  dis- 
tribution rather  than  in  the  consideration  of  the  fairly  well- 
established  principles  of  productive  industry  and  of  com- 
merce. 

Attention  should  be  called  also  to  a  possible  danger  that 
may  arise  in  leaving  an  engineering  student  with  only  a  brief 
outline  or  survey  of  economic  thought  which  must  necessarily 
be  rather  superficial,  unless  such  survey  has  been  skilfully 
administered.  This  student  is  not.  generally  to  have  the  bene- 
fit of  further  formal  studies  in  economics,  hence,  the  instruc- 
tion should  be  made  as  pointed  and  definite  as  possible,  and 
loose  sends  of  ideas  and  concepts  should  be  caught  up  and  such 
concepts  cleared  and  chastened  perhaps  more  systematically 
and  rigorously  than  in  the  case  of  liberal  arts  students  who 
intend  to  delve  more  deeply  into  the  philosophy  of  economies. 
Unless  this  is  done,  inaccurate  and  muddled  thinking  may  be 
the  result  of  the  course  instead  of  clear  cut  logic  that  is  so 
much  desired.  Economics  deals  largely  with  general  aver- 
ages, and  the  student  with  a  smattering  of  economic  factors 
may  talk  glibly  of  glittering  generalities,  about  "movements." 
"trends,"    "tendencies."    "waves."     "tides,"    "streams." 
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"currents,"  "drifts,"  etc.,  and  yet  may  mistake  a  patch  on 
a  man's  trousers  for  a  "wave  of  economy."'  Therefore,  ac- 
curacy of  observation,  clear  and  direct  thinking,  and  discern- 
ing judgment  in  analysis  should  be  striven  for  in  instruction, 
with  an  effort  to  separate  the  revelant  from  the  irrelevant,  in 
considering  any  particular  question,  rather  than  to  arrive  at 
certain  preconceived  conclusions  of  more  or  less  dogmatic 
character,  which  may  after  all,  be  more  dependent  upon  the 
professor's  experience  and  training  than  upon  an  unbiased 
survey  of  facts.  Most  questions  of  political  and  social  organ- 
ization, after  being  brought  to  the  attention  of  the  class  and 
having  their  significance  indicated,  instead  of  being  "settled" 
by  the  teacher,  would  best  be  left  to  the  further  reading  and 
observation  of  the  student  with  the  mental  road  left  open  for 
each  to  arrive  at  his  own  final  conclusions. 

Improved  Psychology  ix  Teaching  Economics. 

That  a  good  deal  of  time  has  not  been  well  spent  in  the 
teaching  of  economics  in  attempting  to  project  modern  mo- 
tives and  wants  back  into  primitive  conditions  of  social  organ- 
ization is  doubtless  a  fact.  A  consideration  of  modem  mo- 
tives, wants,  processes  and  methods  together  is  certainly  more 
rational  than  to  attempt  to  draw  conclusions  from  the  applica- 
tion of  modern  motives  to  prmiitive  methods,  because  the  mo- 
tives that  actuate  men  change  with  the  development  of  social 
organization.  Whereas  a  savage  was  actuated  almost  solely 
by  elemental  desires,  the  modern  man  is  actuated  by  a  com- 
plexity of  wants,  both  natural  and  artificial,  arising  from  the 
complex  means  of  supplying  and  satisfying  them ;  hence,  to 
attempt  to  arrive  at  safe  conclusions  applicable  to  modern 
society  by  projecting  present  day  motives  back  to  the  condi- 
tions of  savages,  swapping  nuts  for  fish,  building  a  wigwam, 
making  clothes  of  skins  and  bark,  or  of  Cruso's  relation  to  his 
man  Friday,  may  be  agreeable  mental  diversion,  but  is  likely 
to  be  barren  of  usable  results  applicable  to  existing  conditions. 

Happily  this  sort  of  teaching  of  economics  does  not  prevail 
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to  the  extent  that  it  once  did,  and  both  texts  and  professors 
devote  their  discussions  more  to  actual  conditions  of  the  pres- 
ent industrial  and  social  world,  and  attempt  to  connect  modern 
complex  wants  and  elements  of  value  to  the  existing  complex 
modes  of  supplying  them,  and  to  recognize,  for  example,  the 
function  of  business  ability  and  of  organization  as  applied  to 
quantity  production  as  distinguished  from  the  crude  coopera- 
tion of  a  few  members  of  a  savage  tribe. 

The  average  engineering  student  is  not  familiar  with  busi- 
ness methods  and  the  agencies  and  instrumentalities  for  con- 
ducting the  economic  and  industrial  affairs  in  the  modern 
world  and  the  instructor  should  take  advantage  of  every  op- 
portunity to  impart  instruction  along  this  line  by  using  as 
illustrative  material  definite  and  accurate  information  con- 
cerning commercial  processes  instead  of  framing  hypothetical 
and  unreal  situations  as  they  may  occur  to  him  at  the  moment. 
It  is  true  that  to  teach  a  class  in  this  manner  will  require  spe- 
cial effort  on  the  part  of  the  instructor  even  though  he  may  be 
able  to  discuss  generalities  from  his  knowledge  of  the  subject. 
The  chief  cause  of  the  lack  of  interest  on  the  part  of  engineer- 
ing students  is  due  largely  to  the  pointless  instruction  of  in- 
structors who  lecture  out  of  their  inner  consciousness  and 
general  knowledge  of  the  subject  rather  than  put  forth  the 
effort  to  prepare  specifically  for  this  elementary  instruction. 

Present  Status  op  Courses  ix  Economics. 

Two  years  ago.  this  Committee  recommended  that  a  three 
semester  hour  course  in  general  economics  be  required  of  all 
engineering  students,  and  submitted  a  tabular  statement  of 
the  prescribed  courses  in  economics  at  various  institutions  at 
that  time.  A  revised  study  of  conditions  indicate  that  a  few 
schools  not  requiring  economics  then  have  since  introduced 
courses  and  that  apparently  none  have  reduced  the  amount  of 
time  devoted  to  the  subject.  Some  have  introduced  courses  in 
what  may  be  termed  applied  economics,  such  as  management. 
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administration,  costs  and  ratemakiug.  valuation,  etc.,  taught 
by  members  of  the  engineering  faculty.  The  opinion  of  the 
Committee,  based  on  the  observation  of  only  a  few  cases,  is 
that  these  latter  courses,  where  taught  by  a  professor  of  engi- 
neering of  broad  professional  experience,  are  of  much  value. 
As  indicated  in  the  1918  report  of  this  Committee,  some 
engineers  and  writers  appear  to  confuse  economy  or  economics 
of  design,  construction  and  operation,  which  takes  into  con- 
sideration the  factors  affecting  the  cost  and  financing  of  engi- 
neering projects,  with  economics  or  political  economy  as  the 
term  is  employed  by  collegiate  faculties.  There  is  a  danger  of 
rendering  the  term  economics  threadbare  and  meaningless  by 
its  promiscuous  use.  and  this  resulting  vagueness  of  the  term 
has  apparently  led  some  to  suppose  that  collegiate  depart- 
ments include  many  subjects  in  their  curricula  which  as  a 
matter  of  fact  they  are  not  equipped  to  teach  nor  do  they 
make  any  attempt  to  do  so. 

CoMBiNrED  Courses  of  Commerce  axd  Exgint^ering. 

Somewhat  over  a  year  ago.  certain  conferences  were  held 
under  the  direction  of  the  Bureau  of  Education  to  foster  the 
development  of  courses  involving  a  combination  of  technical 
subjects  with  economics  as  preparation  for  managerial  posi- 
tions. A  few  schools  have  instituted  such  courses,  as  related 
in  last  year's  report,  and  this  list  has  been  slightly  increased 
during  the  year.  All  these  courses,  except  perhaps  that  at 
Carnegie's  Institute  of  Technology,  are  fundamentally  courses 
in  engineering  with  economics  and  similar  subjects  submitted 
for  some  of  the  more  highly  specialized  technical  subjects.  In 
one  instance,  at  least,  the  courses  in  economics  are  added  as  a 
fifth  year  to  the  regular  engineering  curricula,  and  in  another, 
the  combined  course  is  of  six  years'  duration  coordinate  with 
the  other  technical  courses  at  the  same  institution. 

TMiile  the  Committee  is  not  prepared  to  offer  an  opinion  as 
to  the  feasibility  of  such  courses  generally,  it  appears  that  the 
22 
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interest,  as  indicated  by  the  number  of  students  enrolled  in 
them,  is  greater  in  the  populous  manufacturing  and  commer- 
cial centers  than  it  is  in  the  mid-west  institutions.  Massachu- 
setts Institute  of  Technology,  for  instance,  reports  a  growing 
enrollment  in  its  course  in  Engineering  Administration,  while 
two  mid-west  universities  have  practically  no  demand  for 
similar  courses.  This  is  the  situation  that  would  naturally  be 
expected  from  the  circumstances. 

The  Committee  believes  that  the  application  of  the  term 
"Commercial  Engineering."'  as  proposed  by  the  Bureau  of 
Education  to  courses  in  schools  of  commerce,  which  include  a 
small  amount  of  informational  study  in  engineering  methods 
and  processes,  is  undesirable,  because  "engineering"'  has 
through  the  past  century  taken  on  a  fairly  well  defined  mean- 
ing, and  to  apply  it  loosely  to  the  specific  operations  and  pro- 
cedure of  commerce,  to  salesmanship,  of  miscellaneous  goods. 
to  advertising,  accounting,  etc..  is  but  rendering  the  term  more 
meaningless  as  signifying  a  profession. 

J.   W.  DiETZ, 

A.  M.  McDaxiel. 

E.  B.  Paine, 

P.  F.  Walker, 

C.    C.    Williams,    Chairman, 

Corn  in  ittee. 

The  Committee  begs  to  submit  as  an  Appendix  lo  the  above 
report,  the  following  brief  paper  on  "Teaching  Elementary 
Economics  to  Engineering  Students"  by  William  M.  Duffus. 
associate  professor  of  economics  at  the  University  of  Kansas, 
who  has  taugW  the  economics  classes  for  engineering  students 
at  that  institution  during  the  past  year,  and  who  has  given 
considerable  thought  to  the  character  of  instruction  best 
adapted  to  the  conditions. 


TEACHING  ELEMENTARY   ECONOMICS   TO 
ENGINEERING  STUDENTS. 

BY  WILLIAM  M.  DUFFUS, 

Associate  Professor  of  Economics,  University  of  Kansas. 

In  compliance  with  the  Committee's  request  the  writer  is 
glad  to  state  some  of  the  opinions  which  he  has  formed  con- 
cerning the  problem  of  teaching  economics  to  students  of  engi- 
neering. However,  he  wishes  it  understood  that  his  opinions 
are  the  result  of  but  one  year's  experience  with  the  problem 
and  that  some  of  them  are  tentative  conclusions  rather  than 
expressions  of  final  judgment. 

First  of  all,  it  seems  to  the  writer,  the  committee  is  to  be 
congratulated  upon  its  discernment  in  emphasizing  the  neces- 
sity for  thorough  drill  in  what  are  generally  accepted  as  the 
fundamental  principles  of  economics.  The  engineer,  if  he  is 
to  rise  to  his  opportunities  for  personal  advancement  and  for 
service  to  others,  needs  to  have  a  good  grasp  of  these  princi- 
ples and  a  reasonably  accurate  knowledge  of  the  nature  and 
problems  of  modern  economic  institutions.  He  can  best  get 
these  aids  to  efficiency  as  the  rest  of  us  can  best  get  them — by 
the  study  of  economic  forces  and 'economic  institutions  as  they 
are  found  in  the  world  at  large.  It  is  no  more  possible  to 
divide  the  jyrinciplcs  of  economic  science  successfully  into 
economics  for  business  men,  economics  for  farmers,  economies 
for  engineers  and  economics  for  apothecaries  than  it  is  to 
divide  the  principles  of  the  physical  sciences  in  the  same  way. 

Although  all  students  studying  economies  need  to  study  the 
same  fundamental  economic  principles,  whatever  the  profes- 
sions for  which  they  may  be  preparing,  they  do  not  all  need  to 
approach  the  subject  in  the  same  way.  In  fact  there  are  dis- 
tinct advantages  in  using  methods  of  approach  which  differ 
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more  or  less  in  accordance  with  the  experience,  maturity  and 
interests  of  the  student.  The  maintenance  of  coui"ses  exclu- 
sively for  students  of  engineering  would  seem  to  be  an  aid  to 
good  instruction. 

It  must  also  be  admitted  that  after  the  student  acquires  a 
knowledge  of  the  fundamental  principles  of  economics  he  may 
reasonably  be  permitted,  within  pretty  broad  limits,  to  apply 
that  knowledge  and  make  further  inquiries  in  the  fields  of 
economic  activity  in  which  he  is  profes-sionally  most  interested, 
even  though  he  has  to  neglect  other  fields.  To  illustrate,  the 
student  of  agriculture  may  reasonably  be  given  special  in- 
struction in  rural  credits  and  the  marketing  of  farm  products ; 
the  student  of  engineering  may  just  as  reasonably  be  given 
special  instruction  in  the  problems  of  industrial  relations,  the 
regulation  of  railroads  and  public  utilities,  and  the  organiza- 
tion and  financing  of  business  enterprises.  But,  it  may  be 
remarked  parenthetically,  there  will  be  little  opportunity  for 
any  instruction  in  these  or  in  certain  other  \evy  important 
phases  of  economics  as  long  as  the  present  limitation  of  the 
time  given  to  econoimcs  to  a  maximum  of  three  hours  per  week 
for  one  semester  prevails.  The  writer  earnestly  believes  that 
the  extension  of  the  time  for  the  course  from  three  to  five  or 
six  hours  would  more  than  double  the  value  of  the  course. 

Taking  the  .situation  as  it  stands,  the  use  of  the  class  dis- 
cussion method  of  instruction,  with  assigned  readings  in  one 
textbook  and  in  one  or  more  books  of  readings  and  frequent 
short  written  quizzes,  will  probably  give  the  best  results. 
There  should  be  at  least  one  section  for  every  35  or  40  stu- 
dents. The  instructor,  especially  at  the  outset  of  his  work, 
should  make  an  especial  effort  to  explain  specifically  how  and 
why  a  knowledge  of  economics  is  essential  to  the  engineer  and 
should  point  out  from  time  to  time  as  he  develops  his  subject 
the  importance  of  the  different  phases  of  it  to  the  engineer. 
He  should  be  as  direct  and  concise  as  possible  in  his  own  share 
in  the  cla.ss  discussion  and  should  use  concrete  and  up-to-date 
illustrative  material.  He  should  avoid  the  elaboration  of  fine- 
spun theories  in  matters  of  controversy  in  so  far  as  it  can  be 
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done  without  sacrificing  scientific  accnracy.  For  it  must  be 
remembered  that  the  student  of  engineering  is  training  him- 
self for  a  very  practical  life  and  not  for  a  life  as  a  speculative 
philosopher. 

It  is  probable  that  a  textbook  especially  designed  to  meet 
the  needs  of  students  of  engineering  would  be  a  material  aid, 
if  properly  ^vritten,  in  the  teaching  of  economics  for  engineers. 
Such  a  book  should  be  written  by  an  economist  who  has  had 
experience  in  teaching  engineering  students  and  who  knows 
something  of  their  psychology  and  the  difficulties  which  they 
have  in  grasping  the  subject.  It  should  be  written  with  the 
point  of  view  of  the  student  constantly  in  mind.  It  may  be 
difficult,  however,  to  induce  any  competent  economist  to  un- 
dertake the  task  as  long  as  the  present  time  limitation  on  the 
work  of  the  course  remains  effective. 

The  writer  has  used  Ely's  "Outlines  of  Economics"  as  the 
text  this  year  and  has  assigned  additional  readings  in  Mar- 
shall, Wright  and  Field's  "Materials  for  the  Study  of  Ele- 
mentary Economics. ' '  Such  collections  of  illustrative  material 
as  are  found  in  Marshall 's  ' '  Readings  in  Industrial  Society, ' ' 
Hamilton's  "Current  Economic  Problems"  and  some  of  the 
more  specialized  books  of  readings  might  well  be  used  as  addi- 
tional references.  The  writer  has  found  it  inadvisable  to  de- 
pend upon  any  one  book  of  readings.  In  fact  he  is  among 
those  instructors  who  are  desirous  of  seeing  some  plan  for  the 
provision  of  loose-leaf,  up-to-date  illustrative  material  worked 
out  as  an  experiment.  In  this  connection  readers  may  be  in- 
terested to  know  that  a  committee  of  members  of  the  Ameri- 
can Economic  Association,  chosen  from  among  instructors  of 
elementary  classes  in  universities  and  colleges,  is  stud>ang  the 
possibility  of  establishing  such  a  plan. 

There  is  a  disposition  among  some  teachers  of  economics 
to  regard  students  of  engineering  as  particularly  hard  to 
teach.  The  writer's  experience  does  not  warrant  this  belief. 
If  the  instructor  receives  proper  support  from  the  school  or 
departments  of  engineering  and  if  he  approaches  his  subject 
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with  proper  consideration  for  the  psyeholog\'  of  Iris  students 
and  with  proper  enthusiasm  on  his  own  part  he  should  be  able 
to  obtain  results  that  will  compare  favorably  with  those  ob- 
tained in  teaching  academic  students  or  students  preparing 
for  commercial  pursuits. 


REPORT  OF  COMMITTEE  NO.  15,  CIVIL 
ENGINEERING. 

SUBJECT:    METHODS  AND  DETAILS  OF  TEACH- 
ING STRUCTURAL  DESIGN. 

The  above  subject  was  assigned  to  the  Committee  nearly 
three  years  ago.  A  progress  report  including  three  formal 
papers,  was  presented  at  the  Evanston  meeting  which,  with 
discussion,  appears  in  the  1918  Proceedings.  The  work  was 
continued  during  the  following  year  primarily  by  means  of 
discussions  by  Messrs.  C.  E.  Fowder,  J.  A.  L.  Waddell,  H.  P. 
Gillette,  Gustav  Lindenthal,  0.  H.  Basquin,  S.  C.  Hollister, 
Edward  Godfrey,  and  F.  E.  Schmidtt.  These  were  published 
in  the  April  and  May  (1919)  numbers  of  the  Bulletin,  but 
not  in  the  Proceedings. 

A  report,  which  was  regarded  by  the  Committee  as  a  final 
one,  was  presented  at  the  Baltimore  meeting  which,  with  dis- 
cussions was  published  in  the  1919  Proceedings. 

This  report  contained  a  "Summary  of  Conclusions"  which, 
by  vote  of  the  meeting,  was  made  a  part  of  the  program  of  the 
1920  convention  for  discussion  and  possible  adoption. 

The  Committee  has  given  an  attentive  ear  to  the  discus- 
sions and,  with  further  study,  takes  the  liberty  to  make  one 
slight  change  and  two  additions  to  the  Summary  as  pre- 
sented a  year  ago.  It  therefore  presents,  for  approval  by  the 
Society,  as  the  principles  which  should  be  considered  in 
planning  and  administering  the  structural  courses  of  a  cur- 
riculum in  Civil  Engineering: 

1.  The  general  curriculum  in  Civil  Engineering  should  be 
fundamental  in  character  and  broad  in  scope. 

2,  The  structural  courses  should  be  considered  as  a  part 
of  the  general  curriculum  and  not  as  independent  courses. 

"^97 
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3.  The  structural  courses  should  be  so  comprehensive  and 
at  the  same  time  so  fundamental  that  they  -will  enable  the 
student  to  understand  the  main  feature  of  the  design  of 
structures  and,  at  the  same  time.  ser\-e  as  a  basis  for  future 
specialization  in  college  or  in  practice. 

4.  The  required  structural  courses  should  include: 

(a)  Mechanics,  including  statics.  djTiamies,  and  mechanics 
of  materials. 

(&)  An  experimental  and  physical  study  of  the  usual  ma- 
terials of  construction,  including  iron,  steel,  timber,  cement 
and  concrete. 

(c)  The  theory  of  reinforced  concrete  construction  with 
just  sufficient  design  to  illustrate  and  fix  the  principles  in- 
volved. 

(d)  An  analysis  of  stresses  and  deflections  in  framed  struc- 
tures from  a  general  standpoint  which  may  be  extended,  when 
desired,  to  any  structure,  for  dead  and  live  loads. 

(e)  The  principles  underlying  the  design  of  sections  and 
of  details  with  just  sufficient  work  in  design  to  illustrate  and 
fix  those  principles. 

(/)  An  introduction  to  the  principles  of  estimating  and  to 
the  procedure  of  producing  structures. 

5.  Elective  structural  courses  should  be  provided  in  ac- 
cordance with  the  policy  and  the  needs  of  the  individual 
institution. 

6.  The  methods  employed  should  be  such  as  to  arouse  the 
student's  interest  and  be  directed  towards  the  discovery  and 
development,  by  the  student,  of  the  principles  involved, 
rather  than  to  ''teach"  him  certain  standard  theories  and 
methods. 

The  slight  change  mentioned  aboVe  consists  of  dropping 
the  words  "statically  determinate'"  which  preceded  "struc- 
ture" in  4  (d).  The  discussion  has  brought  out  the  fact  that 
in  a  number  of  required  courses  including  those  given  by 
two  members  of  the  committee,  the  stress  work  has  been  ex- 
tended to  some  staticalh'  indeterminate  conditions  with  ap- 
parent success.    The  change  does  not  necessarily  recommend 


EEPORT  OF   COMMITTEE   OlSJ"   CIVIL  ENGINEERHSTG.        329 

this  procedure,  but  it  specifically  removes  a  recommendation 
that  statically  indeterminate  work  be  excluded. 

4  (/)  was  added  to  meet  a  demand,  championed  particu- 
larly by  Professor  McKibben  at  the  Baltimore  meeting,  for 
giving  the  student  an  insight  into  the  shop  and  managerial 
problems  involved  in  producing  structures  and  for  calling  at- 
tention to  the  need  of  considering  estimates  in  connection 
with  the  structural  courses  unless  provision  has  been  made 
elsewhere  in  the  curriculum. 

5  has  been  added  to  cover  the  demand  from  certain  sources 
for  additional  work.  The  committee  feels  that  further  re- 
quirements in  structural  lines,  accompanied  by  similar  ones 
in  railroads,  water  supply,  sewage,  etci,  would  defeat  the 
purpose  of  a  strong  fundamental  course,  but  recognizes  that  a 
certain  amount  of  specialization  may  be  desirable  for  some 
men  at  some  places  and  that  this  can  best  be  provided  for 
through  electives. 

Respectfully  submitted, 

A.  H.  Fuller,   Chairman, 

W.  C.  Huntington, 

H.  T.  Burt, 

C.  T.  Morris, 

J.  Hammond  Smith, 

Committee  No.  15. 

Discussion. 

M.  S.  Ketchum:  This  subject  was  assigned  to  the  committee 
when  I  was  president  of  the  Society.  I  have  given  consider- 
able attention  in  teaching  structural  engineering  to  the 
development  of  the  courses  along  the  line  of  scientific  man- 
agement. While  considerable  progress  has  been  made  in  the 
application  of  the  principles  of  scientific  management  in  the 
industries,  there  has  been  little  or  no  attempt  to  apply  these 
principles  to  teaching.  With  a  definite  outline  for  the  courses 
and  with  detail  instructions,  the  instruction  in  structural 
engineering  can  be  made  much  more  effective.     I  am  very 
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glad  that  the  committee  has  included  a  studj*  of  statically 
indeterminate  structures  in  their  proposed  outline  for  the 
course  in  structural  engineering.  I  am  in  favor  of  approving 
the  proposed  outline  for  the  course  in  structural  engineering. 

Professor  Constant :  I  spoke  upon  this  report  last  year  and 
regret  that  the  discussion  was  admitted  to  the  Proceedings 
without  being  previously  edited.  It  must  have  seemed  rather 
unintelligible  gibble  to  the  reader  in  more  than  one  place. 

Rather,  however,  than  take  up  time  at  this  meeting  with  a 
revision  of  that  discussion,  I  should  like  now  merely  to  repeat 
that  I  was  in  general  accord  with  the  report  of  Committee 
Xo.  15,  except  that  I  believed  that  the  analysis  of  stresses  and 
deflections  (under  4  d)  should  be  extended  to  include 
statically  indeterminate  as  well  as  statically  determinate 
structures. 

The  present  report  has  been  corrected  in  this  respect  by 
omitting  the  words  ^'statically  determinate"*  which  preceded 
the  word  structure  in  4  (d).  I  therefore  second  the  adoption 
of  the  report  as  it  now  stands. 


REPORT  OF  COMMITTEE  NO.  17,  ELECTRICAL 
ENGINEERING. 

The  close  of  this  university  3^ear  finds  the  schools  of  elec- 
trical engineering  unable  to  meet  the  demands  made  upon 
them  for  technical  graduates.  This  is  no  doubt  true  in  the 
other  branches  of  the  engineering  profession  as  well.  In  the 
face  of  these  facts  the  mortality  during  the  college  course  is 
greater  than  ever  and  the  number  of  trained  engineer 
entering  positions  in  other  fields  than  engineering  seems  to 
be  upon  the  increase.  The  causes  for  this  condition  may  be 
listed  as  follows : 

1.  Necessarily  poor  preparation  in  lower  classes  in  college 
and  in  secondary  schools  during  the  war. 

2.  Inadequate  recognition  of  the  value  of  the  trained 
engineer  as  compared  with  the  salesman  and  laborer,  par- 
ticularly by  the  large  manufacturing  and  utility  corporations. 

3.  Failure  to  employ  sufficient  technical  graduates  in  less 
prosperous  years  to  adequately  man  the  staff  of  such  cor- 
porations when  demands  upon  such  men  are  exceptionally 
heavy. 

4.  Difficulty  in  eliminating,  both  at  entrance  and  during 
the  course,  students  not  well  fitted  for  successful  engineering 
work. 

5.  Lack  of  adaptation  of  engineering  courses  to  the  best 
possible  preparation  for  the  work  to  be  undertaken  by  gradu- 
ate engineers,  particularly  in  connection  with  present  day 
demands  for  so-called  "sales  engineers"  and  "engineering 
executives. ' ' 

If  these  causes  are  to  be  analyzed  briefly,  it  will  be  observed 
that  the  fir.st  defect  will  automatically  take  care  of  itself  in 
a  year  or  so,  now  that  the  war  is  over. 

Conditions  mentioned  in  paragraphs  (2)  and  (3)  are 
principally  without  jurisdiction  of  the  schools,  although  it 
is  believed  that  a  committee  of  this  society  might  cooperate 
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with   the   representatives   of   large    corporations   to   mutual 
advantage. 

With  regard  to  the  two  last  causes,  the  technical  schools 
are  distinctly  at  fault.  It  is  hoped  that  measures  will  be  taken 
speedily  to  remedy  such  defects.  Many  institutions  are  in- 
troducing courses  in  the  fundamentals  of  business  and  law 
to  great  advantage,  for  the  successful  engineer  must  be  ac- 
quainted with  both.  Although  it  may  be  argued  that  he  can 
readily  acquire  such  outside  the  four  years'  course,  he  is 
often  unmindful  of  his  lack  of  such  training.  He  is  inclined 
to  assume  that  if  he  is  not  taught  such  a  subject  it  is  of 
secondary  importance.  Is  this  the  truth  of  the  matter  in  this 
day  and  age?  Ask  yourselves  if  all  the  subjects  in  your 
curriculum  are  as  valuable  as  the  fundamentals  of  corporation 
management  and  law. 

Alumni,  generally  speaking,  will  insist  that  standards  of 
entrance  should  be  raised,  if  anything,  rather  than  lowered 
and  that  quality  is  of  more  importance  than  quantity. 
Secondary  schools,  with  their  increasingly  diversified  cur- 
ricula, although  offering  the  required  number  of  units  for 
entrance  are  not  rapidly  improving  the  fundamental  prepara- 
tion for  engineering.  It  is  believed  that  a  committee  of  this 
society  may  gradually  develop  engineering  tests  of  value  for 
entrance  and  for  elimination  of  the  unfit  from  the  courses  in 
engineering  before  they  have  proceeded  too  far  along  the 
pathway  of  the  mediocre  engine. 

Courses  in  electrical  engineering  are  correlating  laboratory 
tests  and  theory  more  closely  than  ever  before.  The  so-called 
problem  course  is  proving  very  effective.  How  far  shall  such 
instruction  be  carried? 

Many  years  ago  Professor  Karapetoff  of  Cornell  University 
presented  this  theoiy  of  ''concentric  instruction"  before  this 
society.  Although  considered  a  radical  departure  at  the 
time,  educational  methods  at  least  in  engineering  are  tending 
in  that  direction.  In  Germany,  where  technical  training  is 
very  effective  to  say  the  least,  such  methods  are  being  adopted. 

Let  us  ask  ourselves  whether  or  not  the  experiences  of  the 
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war  training  did  not  lend  valuable  emphasis  to  "motivation" 
in  our  instruction  as  outlined  in  a  recent  paper  before  this 
society  by  Professor  W.  K.  Hatt.  Shall  we  not  have  at  first 
an  intense  interest  in  a  practical  engineering  problem  on 
the  part  of  the  student,  followed  by  an  attentive  mastery  of 
he  underlying  theory,  as  a  result  of  the  incentive  created  by 
the  practical  problem  or  situation  itself? 

A  third  consideration  of  moment  is  the  extent  to  which 
electrical  engineering  education  shouud  be  connected  up  with 
industry.  To  what  extent  should  such  students  have  indus- 
trial experience  before  graduation?  At  what  time  in  the 
course  should  such  experience  be  secured?  It  is  generally 
recognized  that  to  classes  of  1920  and  1921  which  include 
mam'  more  mature  and  experienced  students  than  usual,  as 
a  result  of  war-time  activities,  are  better  prepared  to  take 
up  responsibility  than  the  average  graduate  in  times  of  peace. 
Does  this  fact  warrant  further  cooperation  with  industry 
during  the  technical  course. 

Furthermore,  particularly  in  state  institutions,  increased 
cooperation  with  industry  will  be  value  to  industry  itself 
in  the  solution  of  its  problems  and  to  the  instructional  staff 
as  a  result  of  the  enlivening  influence  of  up-to-the-minute 
technical  applications.  Should  not  these  contacts  be  encour- 
aged and  developed  in  accordance  with  a  definite  program 
for  the  mutual  benefit  of  all  concerned? 

Four  fundamentals  of  administration,  believed  by  your 
committee  to  be  vital  have  been  proposed  for  your  consider- 
ation. They  are  uppermost  in  the  minds  of  many  members 
of  this  society.  It  is  hoped  that  a  discussion  setting  forth 
the  valuable  experience  from  many  institutions  may  result. 

0.   J.  Fergusox. 
Alexaxder   Gray, 
H.  E.  Dtche, 
F.  T.  Dargax, 
E.  J.  Borg. 
H.  B.  Shaw, 
C.  F.  Hardixg, 

Chairman. 


REPORT  OF  COMMITTEE   NO.   i8,  MINING 
ENGINEERING. 

The  general  mining  engineering  profession  is  less  special- 
ized than  any  of  the  other  engineering  professions.  Its  own 
field  takes  in  many  of  the  others.  Its  growth  and  develop- 
ment have  been  so  comprehensive  that  its  subdivision  into 
Mining  Engineering  and  Metallurgical  Engineering  is  already 
well  advanced,  although  this  Society  still  holds  it  under  the 
parent  name.  The  extraction  of  ores  from  the  earth  is  espe- 
cially mining  engineering,  while  the  treatment  and  reduction 
cf  ores  is  especially  metallurgical  engineering.  There  are  a 
number  of  specialized  branches  of  the  former,  such  as  coal 
mining,  metal  mining,  hydraulic  mining,  etc. ;  and  there  are 
two  well  defined  divisions  of  the  latter  into  furnace  engineer- 
ing and  milling  engineering. 

The  profession  in  general  has  to  do  with  civil,  mechanical, 
electrical,  hydraulic  and  chemical  engineering;  and  in  addi- 
tion to  the  first  four  of  these  branches  of  engineering,  it  re- 
quires in  its  digging  operations  knowledge  of  the  science  of 
mining  and  of  geologA',  and  the  solution  of  the  problems  of 
handling  and  controlling  stupendous  ma.ss  weights  and  move- 
ments. 

The  operating  mining  engineer  will  further  nviuire  a 
knowledge  of  business  science,  and  skill  in  organization  and 
employment. 

What  then,  may  we  enquire,  is  the  best  possible  training 
to  be  given  the  undergraduate  mining  engineer  in  the  time 
usually  allotted,  and  what  shall  be  done  to  bring  about  desired 
improvements? 

Five  different  topics  have  been  suggested  for  the  discussion 
of  this  (luestion,  as  follows: 

1.  The  <-tandardization  of  methods  of  teaching. 

3:]4 
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2.  The  improvemeut  of  the  standard  of  instructional  work. 

3.  The   designation   of  essential  equipments  for  mining,   ore 

dressing,  and  metallurgical  laboratories. 

4.  The  discouragement  of  the  further  establishment  of  min- 

ing schools  where  not  needed. 

5.  The  amplification  or  revision  of  the  mining  section  of  the 

report  of  the  Committee  on  Requirements  for  Gradua- 
tion, published  in  1904  and  1905,  Vols.  XII  and  XIII. 

The  first  has  special  reference  to  the  coordination  of  class 
room  and  laboratory  instruction,  laboratory  methods,  and 
field  practice. 

The  second  topic  involves  two  correlative  propositions :  on 
the  one  hand,  the  improvement  of  instructional  ability  and 
equipment ;  and,  on  the  other  hand,  the  improvement  of  the 
quality  of  student.  The  one  is  largely  a  question  of  com- 
pensation and  price ;  the  other  may  be  accomplished,  perhaps, 
by  careful  selection  and  by  reaching  back  with  greater  atten- 
tion to  early  training.  Instructors  of  the  specialized,  or 
applied,  subjects  should  themselves  be  thoroughly  trained  in 
the  fundamentals,  and  understand  the  relations  between  the 
two  classes  of  subjects.  Moreover,  it  would  be  best  if  the 
teachers  of  the  fundamental  subjects  had  a  thorough  knowl- 
edge of  the  applied ;  but  this  would  be  an  impracticable  re- 
quirement, especially  in  the  large  schools  giving  many  dif- 
ferent engineering  courses. 

In  approaching  the  third  topic,  we  may  observe  that  to  the 
engineer  a  training  in  capacity  for  calculation  and  analysis  is 
essential,  capacity  for  manipulation  may  be  convenient :  de- 
signing and  directing  are  essential,  expert  tradesmanship  is 
of  secondary  importance :  a  knowledge  of  business  science  may 
be  acquired :  and  an  understanding  of  humanity  may  be  culti- 
vated, but  the  capacity  for  it  must  be  inborn.  The  differ- 
ence between  the  trade  school  and  the  engineering  school 
should  be  kept  in  mind.  A  man  may  be  an  expert  miner, 
mill  man,  furnace  man,  or  assayer.  or  all  of  these,  and  not  be 
a  mining  engineer.  However,  it  is  usually  desirable  that  the 
graduate    mining    engineer   should    be   a    good    surveyor,    or 
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assay  or,  or  chemist,  or  aeeountant.  etc.,  in  order  that  he  may 
enter  the  mining  business  with  a  qualification  with  which 
he  may  make  himself  useful  to  his  employer  and  incidentally 
earn  a  living.  The  particular  line  in  which  the  undergradu- 
ate may  choose  to  make  himself  useful  may  depend  upon  the 
branch  of  mining  engineering  he  wishes  to  follow,  or  it  may 
determine  for  him  the  branch  that  he  shall  follow:  but  if 
he  is  well  grounded  in  the  fundamentals,  the  whole  field  is 
open  to  him. 

The  essential  equipments  for  the  different  laboratories  are 
only  such  machinery  and  apparatus  as  illustrate  and  repre- 
sent the  operations  and  practices  that  have  become  standard, 
or  illustrate  some  important,  fundamental  principle.  Stand- 
ard operations  and  practices  that  are  susceptible  to  laboratory 
treatment,  are  relatively  few  in  number:  in  mining,  they  are 
drilling,  blasting,  and  supporting  excavations;  in  assaying, 
they  are  sampling,  charging,  melting,  and  cupelling;  in  ore 
dressing,  they  are  crushing,  classif^-ing.  concentrating,  and. 
in  some  cases,  extracting ;  in  metallurgy*,  leaching  and  flota- 
tion are  susceptible  to  laboratory  treatment.  But.  important, 
fundamental  principles  remain  mattei^  of  individual  opinion, 
and  we  cannot  designate  essential  equipments  for  their  illus- 
tration, except  each  for  himself. 

The  fourth  proposition  may  be  favored  on  the  ground  that 
the  establishment  of  mining  schools  where  not  needed  is  liable 
to  be  accompanied  with  insufficient  equipment  and  support, 
the  employment  of  inferior  instruction,  the  graduation  of  men 
with  inferior  preparation,  and  the  general  graduation  of  the 
profession.  On  the  other  hand  it  may  be  urged  that  such 
schools,  by  calling  attention  to  mining  engineering  education, 
turn  many  good  men  toward  the  better  schools. 

We  shall  introduce  the  consideration  of  the  fiftlj  topic  by 
giving  a  summary  of  that  pai-t  of  the  report  pertaining  to 
mining  engineering,  as  follows : 
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Hours. 

Language    400 

Mathematics   800 

Physics    700 

Chemistry,  including  assaying   800 

Geology  and  mineralogy   700 

Drawing  and  lettering  .  . '. 300 

Surveying  and  mapping   800 

Chemical  and  metallurgical  engineering  and  ore  dressing 700 

Structural  engineering,  statical  and  mechanical,  and  materials  of.  600 

Mining  engineering,  principally  underground  700 

Mining   engineering,   principally   underground,    and   including    or- 
ganization and  management    700 

Total  hours    77200 

The  above  is  designed  to  cover  a  general  course  for  gradua- 
tion in  mining  engineering,  and  the  first  question  that  arises 
pertains  to  the  list  of  subjects ;  the  second,  to  the  proper  dis- 
tribution of  time;  the  third,  the  detailed  subdivision  of  the 
subjects;  and  the  fourth,  the  arrangement  of  curricula  for 
different  specialized  courses  in  mining  engineering,  such  as 
Coal  Mining  Engineering,  Metal  Mining  Engineering,  etc. 
Specialized  courses  in  mining  engineering  appear  to  be  an 
actual  demand  of  the  times  that  should  be  provided. 

F.  W.  Speer,  Chairman. 
H.  H.  Stoek, 

E.  A.   HOLBROOK, 

J.  B.  Porter, 

H.  E.  T.  Haultain, 

Committee. 
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REPORT  OF  COMMITTEE  (21)  R.  O.  T.  C. 

Your  committee,  appointed  to  study  the  Reserve  Officers' 
Training  Corps,  begs  leave  to  submit  the  following  report : 

The  Morrill  Act,  passed  by  Congress  in  1862,  provided  that 
colleges  which  took  advantage  of  the  terms  of  the  act  should 
place  in  their  courses  of  study  the  subject  of  Military  Drill 
and  Tactics.  All  state  universities  and  all  state  colleges  en- 
joying the  benefits  of  the  provisions  of  this  act  have,  therefore, 
for  many  years,  required  military  drill  for  a  period  covering 
from  one  to  four  years. 

In  June,  1916,  Congress  passed  the  National  Defense  Act. 
A  part  of  this  act  provides  for  Reserve  Officer's  Training 
Corps  units  in  colleges  and  preparatory  schools,  to  be  known 
as  Senior  and  Junior  Units.  Any  college  or  preparatory 
school  may  apply  for  a  unit,  and  the  application  will  be 
granted  if  one  hundred  physically  fit  male  students  volunteer 
or  are  obliged  to  take  the  subject.  Military-  officers  are  de- 
tailed from  the  "War  Department  to  take  charge  of  the  instruc- 
tion. The  act  provides  that  during  the  freshman  and  sopho- 
more years  a  minimum  of  three  hours  per  week  shall  be 
devoted  to  military  matters.  This  is  called  the  Basic  Course. 
At  the  end  of  the  sophomore  year  the  president  and  the  pro- 
fessor of  Military  Science  and  Tactics  select  certain  students 
to  carry  on  militaiy  work  during  the  junior  and  senior  years. 
If  the  students  so  selected  choose  to  accept  the  opportunity, 
they  pledge  themselves  to  take  five  hours  of  military  work  dur- 
ing each  of  the  junior  and  senior  years;  and  to  attend  at  least 
one  summer  camp.  They  are  given  commissions  in  the  Re- 
serve Corps  of  the  Army  after  graduation.  During  the  last 
two  years  they  receive  a  compensation  of  one  ration  per  day, 
or  about  one  hundred  and  ninety-two  dollars  per  year.  It  is 
also   provided   that   the   institutions  where  military   work   is 
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inaugurated  may  make  the  work  compulsory  on  the  part  of 
students  in  certain  classes  or  it  may  be  optional.  In  any  case, 
students  who  begin  the  work  must  continue  it  for  two  years 
in  order  to  be  graduated  provided  the  military  work  is  main- 
tained in  the  institution. 

A  number  of  units  of  the  R.  0.  T.  C.  were  established  in  our 
colleges  and  preparatory  schools  before  we  went  into  the  great 
war.  After  the  declaration  of  war  all  officei*s  were  needed  in 
the  army  and  hence  few,  if  any.  new  R.  0.  T.  C.  units  were 
started.  In  October,  1918,  the  Students"  Army  Training  Corps 
was  organized  by  the  AVar  Department  and  this  took  the  place 
temporarily  of  the  R.  0.  T.  C.  units.  After  the  close  of  the 
war  some  of  the  R.  0.  T.  C.  units  which  had  been  discontinued 
were  re-opened  and  new  units  were  inaugurated  in  a  number 
of  colleges. 

The  American  people  have  no  genius  for  military  affairs. 
When  the  necessity  comes  they  make  splendid  soldiers  and  in 
the  end  they  have  always  won  victories  they  set  out  to  win, 
but  they  do  not  like  war  and  they  do  not  like  military  affairs. 
In  the  last  liberty  loan  one  of  the  posters  represented  a  work- 
ingman  with  his  hand  in  his  pocket  saying,  "Sure,  we'll  finish 
the  job."  This  represented  the  state  of  mind  of  the  American 
people  during  the  war.  They  wanted  to  finish  the  job  which 
they  had  started  out  to  finish  but  they  had  no  love  for  the 
means  which  were  necessary  to  accomplish  it.  A  job  is  some- 
thing to  be  finished  and  then  a  new  job  is  taken  up.  The 
American  people  having  done  their  part  toward  finishing  the 
war,  concluded  the  job  was  finished  and  took  up  the  new  job 
of  peace.  We  have  always  adopted  a  happy-go-lucky  method 
in  regard  to  military  preparation— that  is  to  say,  we  have 
made  little  or  no  such  preparation.  "When  a  war  has  suddenly 
come  upon  us,  we  have  done  our  best  to  get  ready  for  it  in  a 
hurry  and  in  the  end  we  have  always  succeeded  in  winning. 
"Wlien  the  great  war  was  over  the  American  army  wanted  to 
go  home  and  get  into  peaceful  pursuits  again.  American  stu- 
dents in  the  armv  had  had  all  thev  wanted  of  militarv  life 
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and  when  the  armistice  came  they  wanted  to  take  up  their 
aeadeniid  work  again. 

One  of  the  greatest  disadvantages  which  an  unprepared  na- 
tion experiences,  when  suddenly  engaged  in  war,  is  the  lack  of 
officers.  With  a  plentiful  supply  of  officers,  privates  can  be 
whipped  into  shape  in  a  comparatively  short  time.  "Without 
officers,  the  job  is  a  very  long  one.  Special  regulations  Xo.  44, 
prepared  by  the  War  Plans  Division  of  the  General  Staff, 
makes  the  following  statement  of  the  objects  of  the  Reserve 
Officers'  Training  Corps: 

"Object. — The  primary  object  of  the  Reserve  Officers' 
Training  Corps  is  to  provide  systematic  military  training  at 
civil  educational  institutions  for  the  purpose  of  qualifying  se- 
lected students  of  such  institutions  as  reserve  officers  in  the 
military  forces  of  the  United  States.  It  is  intended  to  attain 
this  object  during  the  time  that  students  are  pursuing  their 
general  or  professional  studies  with  the  least  practicable  inter- 
ference with  their  civil  careers,  by  employing  methods  de- 
signed to  fit  men  physically,  mentally  and  morally  for  pur- 
suits of  war.  It  is  believed  that  such  military  training  will 
aid  greatlj"  in  the  development  of  better  citizens.  It  should 
be  the  aim  of  educational  institutions  to  maintain  one  or  more 
units  of  the  Reserve  Officers'  Training  Corps  in  order  that  in 
time  of  national  emergency  there  may  be  instantly  available  a 
large  number  of  educated  men  physically  efficient  and  trained 
in  the  fundamentals  of  military  science  and  tactics  and  fitted 
to  lead  intelligently  the  units  of  the  armies  upon  which  the 
safety  of  the  country  will  depend.  The  extent  to  which  this 
object  is  accomplished  will  be  the  measure  of  the  success  of  the 
Reserve  Officers*  Training  Corps. 

Educational  Aim. — The  Reserve  Officers'  Training  Corps 
will  enrich  the  educational  resources  of  schools  and  colleges  by 
contributing  new  problems,  applications,  and  equipment. 
This  will  not  vitalize  the  course  of  study  but  give  to  the  stu- 
dent a  training  which  will  be  as  valuable  to  him  in  his  indus- 
trial or  professional  career  as  it  would  be  should  the  Nation 
call  upon  him  to  act  as  a  loader  in  its  defensive  forces. 
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Moreover,  the  wide  variety  of  work  recognized  and  accepted 
by  the  War  Department  as  of  intrinsic  value  for  military  pur- 
poses should  leave  on  the  mind  of  the  student  an  indelible  im- 
pression of  the  extent  to  which  the  modern  army  is  the  Nation 
in  arms.  Commerce,  industry,  agriculture  and  all  the  profes- 
sions have  each  their  contribution  to  make  to  the  military  or- 
ganization. 

Physical  Training. — A  military  unit  is  largely  dependent 
for  its  efficiency  upon  the  physical  fitness  of  the  individuals 
composing  it.  Physical  training,  therefore,  will  form  an  es- 
sential part  of  the  military  instruction.  It  will  be  the  policy 
to  encourage  and  support  the  physical  training  given  by  civil- 
ian teachers,  thus  cooperating  with  all  other  effective  agencies 
in  an  effort  to  promote  a  more  vigorous  American  manhood. 

General  Policy. —  (a)  The  policy  adopted  by  the  War  De- 
partment to  carry  out  the  provisions  of  the  act  of  Congress 
of  June  3,  1916,  is  a  matter  of  vital  importance  to  ever.y  citi- 
zen interested  in  the  educational  system  of  our  country  and 
the  development  of  American  youth.  It  will  aim  to  give  all 
students  of  the  Reserve  Officers'  Training  Corps  a  thorough 
physical  training,  to  inculcate  in  them  a  respect  for  all  lawful 
authority,  to  teach  the  fundamentals  of  the  military  profes- 
sion, leadership,  and  the  special  knowledge  required  to  enable 
them  to  serve  efficiently  in  the  various  branches  of  the  military 
service. 

(&)  The  War  Department  aims  to  establish  in  selected  civil 
educational  institutions  a  system  of  training  which  will  tend 
toward  making  better  citizens  and  furnish  a  means  whereby 
the  graduates  of  such  institutions  can  function  more  advan- 
tageously to  the  best  interests  of  the  nation  in  time  of  military 
necessity. ' ' 

The  course  of  study  which  has  been  in  use  in  the  basic 
course  of  the  R.  0.  T.  C.  units  during  the  past  year  has  con- 
sisted of  one  hour  of  military  drill  per  week,  one  hour  of 
military  exercise,  and  one  hour  of  lecture  or  recitation  on  some 
subject  pertaining  to  military  life.    It  has  been  an  extremely 
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profitable  course  and  has  been  designied  to  interest  the  stu- 
dents in  military  affairs.  Perhaps  some  statistics  in  regard  to 
the  number  of  institutions  carrying  on  this  work,  the  plan  of 
the  work  itself,  and  the  future  proposals  in  regard  to  it  may 
be  interesting.  The  statistics  have  been  furnished  h\  the  War 
Department. 

The  questions  asked  and  the  answers  are  as  follows: 

Number  of  institutions  having  units  of  the  senior  division   139 

New  units  whiih  have  been  added  during  the  present  college  year: 

Infantry 1 

Coast  Artillery    6 

Motor   Transport  1 

Engineer    4 

Signal  Corps 1 

Ordnance   Corps   2 

Total     17 

Number  of  institutions  in  which  units  have  been  discontinued 30 

Infantry    29 

Coa^t   Artillery   1 

Kinds  of  units  in  the  institutions  and  number  of  each  unit: 

Number  of  institutions 139 

Number  of  units   205 

Number 

of  Units.  Kind  of  Units.  Number  of  Men  in  Units. 

121    Infantry 

Ba<^ir Ranging  from  37  to  1728 

Advanced "  "        0  to     218 

8   Cavalry 

Basic 

Advanced 

17   ...  <'oast  Artillery 

Basic 

Advanced 

9   Motor  Transport 

Basic 

Advanced 

IS   Engineer 

Basic 

Advanced 

9    Signal  Corjis 

Basic 

Advanced 


10  to 

231 

0  to 

75 

42  to 

265 

n  to 

138 

50  to 

155 

0  to 

9 

33  to 

347 

0  to 

42 

41  to 

370 

0  to 

38 
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1   Ordnance 

Basic Having  106 

Advanced "  27 

22   Field  Artillery 

Basic Eanging  from  5S  to  1195 

Advanced "  ' '        0  to       40 

To  what  extent  is  the  basic  course  compulsory  and  to  what  extent  volun- 
tary in  each  institution? 

Compulsory    98 

Voluntary   41 

Number  enrolled  in  each  institution  for  summer  camp? 
132  institutions 

Basic Eanging   fiom  1  to  100 

Advanced "  "        0  to  123 

What  is  the  attitude  of  faculty  and  students  in  each  institution  in  regard 

to  the  E.  O.  T.  C? 
Answer — Information  concerning  each  particular  institution  is  considered 
confidential  by  the  War  Department  but  it  may  be  stated  that,  as 
a  general  proposition,  the  attitude  of  the  faculty  and  students  of 
practically  all  institutions  is  one  of  favorable  cooperation. 
What  changes  are  contemplated  in  the  work  of  the  B.  O.  T.  C.  for  the 

college  year  1920-21? 
Answer — Xo  definite  information  can  be  given  until  pending  Army  legis- 
lation is  enacted  by  Congress,  but  the  War   Department  hopes  to 
detail  additional  personnel  to  the  institutions. 

A  short  questionnaire  was  also  sent  to  each  college  (not  in- 
cluding state  universities)  which  has  an  K.  0.  T.  C.  unit.  The 
questions  and  a  synopsis  of  the  answers  follow: 

(1)  What  is  the  opinion  of  the  faculty  in  regard  to  the  B.  O.  T.  C? 
Ans.  Of  the  38  answers  received.  25  were  favorable;  the  remainder  were 

unfavorable  or  there  was  a  division  of  opinion. 

(2)  Have  the  students  liked  the  work  and  do  they  wish  to  have  it  con- 
tinued? 

Ans.  In  19  institutions  the  answer  was  "yes'' — in  10  institutions  the 
answer  was  "  no. "  The  other  answers  show  a  great  difference  of 
opinion  among  the  students. 

(3)  Have  you  personally  any  fault  to  find  with  it,  or  with  the  manner  in 
which  it  is  conducted? 

Ans.  The  answers  were  almost  unanimously  "no."  The  only  crit-cisms 
were  in  regard  to  the  uncertain  policy  of  the  War  Department  in  re- 
gard to  what  should  be  done  and  criticisms  of  Congress  for  not  sup- 
porting the  work  better.  • 
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(rl)   Do  you  expect  to  continue  your  unit  during  the  next  college  year? 
Ans.     In  27  cases  the  answer  was  "yes"  and  in  8  cases  the  answer  was 
"no";  in  a  few  cases  there  was  uncertainty  in  regard  to  the  future. 

The  answers  to  both  these  questionnaires  show  that  military 
drill  is  now  given  in  a  large  number  of  institutions  and  that 
while  it  has  been  discontinued  in  some  places,  yet  in  the  ma- 
jority of  colleges  the  work  is  satisfactory  and  will  be  con- 
tinued; that  the  number  in  the  basic  course  is  very  much 
larger  than  the  number  in  the  advanced  course,  as  would  nat- 
uralh*  be  expected,  but  that  the  number  in  the  advanced  course 
is  large  enough  to  prove  that  a  considerable  number  of  men 
will  be  trained  for  commissions  in  the  Reserve  Corps  of  the 
Army :  that  in  many  colleges  the  students  do  not  like  the  work 
but  that  in  the  majority  of  institutions  no  serious  objections 
have  been  raised. 

In  conclusion  your  committee  would  say  that  the  plan  pro- 
posed in  the  National  Defense  Act  and  carried  out  by  the  AYar 
Department  seems  to  be  an  admirable  one.  and  that  we 
earnestly  hope  that  Congress  will  give  it  so  much  encourage- 
ment that  it  will  become  more  attractive  to  the  colleges  and 
their  students. 

Discussion. 

Peter  Field:  Gentlemen.  I  want  to  say  at  the  outset  that 
I  am  heartily  in  favor  of  the  conclusion  reached  in  this  report, 
namely,  that  the  R.  0.  T.  C.  is  a  good  thing  and  that  it  ought 
to  be  supported.  I  think  that  every  engineering  college  ought 
to  get  behind  this  move  because  by  training,  the  engineers 
are  particularly  adapted  to  qualify  for  commissions  in  certain 
branches  of  the  service,  such  as  the  Signal  Corps,  the  Ord- 
nance, Engineers,  and  the  Artillery.  It  seems  nothing  short 
of  our  duty  to  see  to  it  that  the  men  who  come  under  our  in- 
fluence shall  put  themselves  in  such  shape  that  if  their  ser- 
vices are  needed  in  an  emergency,  they  are  prepared  to 
respond.  To  be  sure.  I  think,  a  more  or  less  prominent  states- 
man a.ssured  us  that,  in  case  we  were  invaded,  a  million  men 
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Would  turn  out  with  pitch  forks  and  massacre  the  enemy, 
but  the  engineer,  I  think,  believes  in  the -safety  factor,  and  it 
might  be  well  to  have  some  additional  means  of  protection  in 
case  of  emergency. 

Aside  from  the  thing  Mr.  Parker  has  mentioned,  namely, 
that  everybody  was  pretty  well  fed  up  on  the  R.  0.  T.  C.  and 
S.  A.  T.  C,  the  one  other  thing  that  came  up  as  something 
of  a  deterent  was  as  to  how  far  the  R.  0.  T.  C.  work  would 
hinder  and  encroach  upon  the  regular  work  that  the  students 
had  been  doing  in  their  under  graduate  course.  I  confess 
we  had  a  good  deal  of  difficulty.  We  had  the  material  given 
in  this  report,  but  there  seemed  to  be  some  question  as  to  just 
how  that  could  be  interpreted.  The  way  it  was  interpreted. 
The  way  it  was  interpreted  here,  it  seems  to  me,  left  the  mat- 
ter in  such  a  way  that  no  one  would  feel  that  the  R.  0.  T.  C. 
work  was  infringing  upon  the  work  the  students  previously 
have  taken.  The  students  are  at  the  present  time,  in  addition 
to  the  summer  camps  and  the  gymnasium  work,  taking 
throughout  their  first  two  years  two  recitations  a  week,  or 
their  equivalent.  That  is,  for  one  recitation,  they  would  make 
two  hours  of  preparation,  and  throughout  their  junior  and 
senior  years,  one  hour  a  week,  i.  e.,  one  recitation  hour.  With 
that  would  go  two  hours  of  preparation.  Now,  that  seems  a 
very  small  amount  to  take  out  of  the  regular  work,  and  I  think 
they  get  more  than  full  value  for  the  time  that  is  put  in. 

Another  thing  that  seems  very  important  in  this  connection 
is  the  fact  that  this  gives  a  means  for  distributing  throughout 
the  country  men  with  an  intelligent  appreciation  of  the  needs 
and  the  problems  of  the  War  Department. 

I  think  I  read  some  time  ago — something  that  was  written 
before  the  war — where  there  was  an  allotment  of  $75 — I  am 
not  sure  that  was  the  amount,  but  it  was  very  small — $75  for 
investigating  the  effect  of  boat-tailing  on  artillery  projectiles ! 
It  must  be  discouraging  for  men  who  are  in  the  army  to 
work  under  such  conditions,  because  it  is  an  impossibility  to 
do  anything  with  a  problem  of  that  sort,  with  $75  to  spend. 
You  might  do  $75  worth  of  guessing,  but  you  could  not  do 
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any  shooting,  so  you  would  be  no  wiser  than  you  were  before 
you  spent  the  allotment.  If  we  had  a  large  number  of  citizens 
who  understood  these  problems  and  had  an  interest  in  them, 
it  would  make  it  possible  for  the  war  department  to  accom- 
plish more.  These  men  going  into  this  work  in  the  more  or 
less  formative  stages  of  their  lives  would  naturally  think 
about  these  things,  and  they  may  bring  out  devices  that  are 
distinctly  worth  while.  I  think  there  are  a  great  many  prob- 
lems in  connection  with  getting  the  material,  which  require 
men  with  special  knowledge,  men  who  would  devote  years  to 
some  particular,  rather  limited  problem.  The  army  otTicers 
have  not,  as  a  class,  a  particularly  good  opportunity  in  that 
way.  because  they  are  put  on  one  duty  one  day  and  another 
duty  the  next.  I  think  the  reserve  officers  have  a  rather 
better  opportunity  for  that  kind  of  development  than  the 
men  who  are  in  the  regular  army. 

It  may  be  interesting  to  remark  incidentally — possibly  most 
of  you  know — ^that  for  instance  in  the  Coast  Artillery  Corps 
at  the  present  time,  the  commissioned  officers  have  a  very 
large  percentage  of  men  who  are  graduates  of  the  technical 
schools  throughout  the  country,  their  technical  training  fits 
them  very  well  for  that  work. 

There  is  just  one  other  point  here  that  Mr.  Parker  spoke 
about,  that  is,  the  question  of  the  students  liking  the  work. 
My  experience,  as  far  as  I  have  talked  to  students  who  have 
taken  the  work  here  this  year,  is  that  they  seem  to  be  well 
satisfied.  They  do  like  the  work.  I  suppo.se  in  general  it 
depends  partly  on  the  nature  of  the  work  and  also  on  the 
particular  officers  who  happen  to  be  detailed  to  the  institution. 

Of  course,  we  also  have  a  certain  number  of  students  who 
do  not  like  the  idea  of  going  to  summer  camps  and  being 
under  military  discipline.  I  personally  think  it  is  a  good 
thing,  and  I  rather  think  that  the  ones  who  do  not  like  to  be 
under  military  discipline  would  possibly  profit  the  most  by 
being  put  under  it.  I  think  perhaps  they  have  had  too  much 
of  the  theory  of  the  former  professor  here — I  heard  this  story 
the  other  dav — that  he  came  home  and  saw  a  stream  of  water 
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running  out  of  his  front  porch.  It  seems  his  youngster  had 
been  upstairs  and  turned  on  the  water,  and  let  it  go,  and  it 
was  coming  out  the  front  hall  and  over  the  steps.  The  father 
held  the  theory  that  the  boy  must  cjo  as  he  pleased  lest  it 
would  curb  his  initiative,  but  he  was  a  little  excited  at  the 
time,  and  the  boy  promptly  put  him  right.  He  said,  "Oh, 
John,  don't  raise  a  holler;  if  you  don't  like  it.  go  up,  aud 
turn  the  water  off. ' ' 

P.  F.  Walker:  The  president  has  kindly  given  me  an  oppor- 
tunity to  talk  a  minute  and  a  half  on  another  topic.  Since  it 
will  be  impossible  for  me  to  stay  after  this  session,  I  wish 
to  make  an  observation  merely.  The  president  made  refer- 
ence to  this  being  a  comment  from  the  point  of  view  of  the 
reserve  officer.  If  I  may  be  pardoned  a  personal  reference,  I 
went  through  the  training  course  of  the  usual  reserve  officers' 
training  establishment  and  served  for  a  year  and  a  half  or 
so  as  a  field  officer  with  combat  troops,  in  which  connection  I 
have  had  opportunity  to  view  the  work  of  quite  a  number  of 
officers.  Recently  I  was  invited  by  the  Chief  of  Engineers  to 
go  over  the  programs  of  work  as  laid  out  by  the  Committee  on 
Training  for  the  R.  0.  T.  C.  and  make  to  him  such  sugges- 
tions as  I  might  see  fit,  with  a  carte  blanche  to  go  ahead  and 
say  anything  that  I  wished  to  say. 

Now,  briefly,  I  want  to  throw  out  this  point.  It  has  seemed 
to  me  that  the  committee  on  the  relations  with  the  War  De- 
partment has  been  very  polite,  and  has  been  very  charitable 
with  respect  to  the  way  in  which  the  R.  0.  T.  C.  program 
work  has  been  laid  out.  Those  who  have  spoken  on  the  sub- 
ject here  this  afternoon  have  taken  the  position  apparently 
that  whatever  is  is,  and,  therefore,  cannot  be  questioned. 
Now  I  have  grown  accustomed  to  look  upon  the  War  De- 
partment in  a  little  more  familiar  manner,  possibly,  and  I  do 
not  hesitate  to  say  that  there  are  some  very  glaring  defects 
in  the  program  of  work  laid  out  for  the  R.  0.  T.  C.  units. 
We  need  to  consider  this,  I  believe,  because  those  persons 
who  M'ish  to  see   the   officers  training  work  carried  through 
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successfully,  are,  I  know,  interested  to  have  it  put  on  a  basis 
that  will  enable  it  to  sui-vive,  and  my  opinion  is  that  the 
R.  O.  T.  C.  work  cannot  survive  on  the  present  basis.  As  I 
told  the  Chief  of  Engineei-s.  it  looks  to  me  just  as  thouorh  the 
committee  on  training  have  taken  our  three  months*  program 
of  training  established  in  1917  and  1918  and  pulled  it  out 
like  a  rubber  band,  and  made  it  so  thin  that  it  is  not  worth 
anything  educationally.  In  other  words,  there  has  been  lost 
the  element  of  concentration  which  was  apparent  in  those 
three  months'  training  camps.  We  have  lost  the  stimulus 
that  came  from  the  wartime  condition,  and  there  has  been 
nothing  of  educational  value  put  into  the  course  of  study 
land  out  for  the  R.  0.  T.  C.  that  can  commend  it  to  the  judg- 
ment of  students  or  faculty  people.  I  do  not  know  how  many 
of  you  have  studied  the  program  of  work  in  detail,  but  to  my 
mind,  it  is  not  only  inadequate,  but  it  is  aside  from  the  mark. 
I  do  not  want  to  speak  too  forcefully  on  this  matter,  but  I  do 
feel  that  the  jobbed  up  character  of  the  work  is  going  to  kill 
it  with  reference  to  its  being  made  a  substantial  and  definite 
part  of  the  work  of  students.  Take,  for  instance,  such  mat- 
ters as  military  courtesy,  of  signalling,  the  various  other 
topics  peculiar  to  the  specific  detail  training  of  a  man  who  is 
going  into  the  military  service.  To  have  such  work  for  a 
few  hours  in  the  first  year,  two  or  three  hours  more  of  it  in 
the  Sophomore  year,  and  a  few  hours  more  given  in  the 
Junior  year,  is  absurd.  I  feel  that  it  is  possible,  if  this 
society  should  see  fit  to  take  the  matter  up  definitely  with 
an  offer  to  assist  in  the  effort  to  put  over  a  program  that 
would  be  constructive  and  have  real  educational  value,  to 
do  something  that  will  contribute  to  the  success  of  the  work. 
I  have  wished  to  present  that  viewpoint  so  that  perhaps  the 
record  of  this  meeting  would  not  appear  to  indicate  that  we 
were  entirely  satisfied  with  the  R.  0.  T.  C.  programs,  and 
that  everything  is  going  on  smoothly.  I  really  believe  some- 
thing should  be  done  in  order  that  that  work  be  made  a 
success. 


REPORT  OF  COMMITTEE  NO.  22  ON  INTELLI- 
GENCE TESTS. 

This  committee  was  appointed  last  June  to  determine  the 
possible  usefulness  of  intelligence  tests  and  other  objective 
tests  for  engineering  students.  We  decided  to  answer  this 
question  empirically  by  conducting  an  experiment  on  a  suffi- 
ciently extensive  scale  to  justify  definite  conclusions.  In  the 
last  analysis  our  problem  is  really  one  of  vocational  guidance 
in  which  we  must  determine  the  best  methods  of  predicting 
vocational  aptitude. 

The  plan  of  the  experiment  is  briefly  as  follows.  We  col- 
lect considerable  information  about  each  student  at  the  time 
of  admission.  This  information  includes  such  items  as  age, 
high  school  scholarship,  high  school  principal's  estimate,  col- 
lege entrance  examinations,  the  special  tests  prepared  for  this 
investigation,  and  an  intelligence  examination.  All  of  this 
information  is  tabulated  and  filed  for  safe  keeping.  When 
the  students  progress  in  their  engineering  course  they  will 
separate  in  ability.  Some  will  drop  out  entirely,  others  will 
remain  as  mediocre  students  and  others  will  excel.  When  we 
have  their  freshman  scholarship  available  we  compare  these 
marks  with  each  type  of  information  that  was  available  at  the 
time  of  admission.  In  this  way  we  are  able  to  state  the  rela- 
tive predictive  value  of  each  type  of  test  with  special  reference 
to  freshman  scholarship. 

In  order  to  remove  the  personal  equation  as  much  as  pos- 
sible in  the  interpretation  of  our  results  we  calculate  the 
correlation  coefficient  for  freshman  scholarship  and  each  test. 
If  this  coefficient  is  high,  the  test  has  predictive  value ;  if  it  is 
low,  the  test  is  not  useful  for  predicting  freshman  scholar- 
ship. Of  course  we  must  realize  that  freshman  scholarship 
is  by  no  means  a  final  criterion  of  engineering  ability.    But 
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we  feel  justified  in  using  it  until  other  more  complete  criteria 
become  available. 

The  six  tests  that  we  devised  for  this  investigation  were  as 
follows : 

Test  I  contains  a  series  of  simple  problems  in  arithmetic. 
All  of  these  problems  are  intended  to  appeal  especially  to 
those  boys  who  have  been  interested  in  things  mechanical  and 
electrical.  We  have  tried  to  avoid  problems  that  are  stereo- 
typed.   This  seems  to  be  one  of  the  best  tests  in  the  series. 

Test  II  contains  a  series  of  simple  problems  in  algebra.  It 
does  not  differ  noticeably  from  the  ordinary  algebra  examina- 
tion. 

Test  III  is  an  examination  in  geometrical  construction.  It 
differs  markedly  from  the  usual  examination  in  geometry  in 
that  the  student  is  asked  to  solve  a  series  of  simple  problems 
in  geometrical  construction  by  means  of  compass  and  ruler. 
No  proofs  are  required. 

Test  IV  is  an  intelligence  test.  It  is  in  some  respects  similar 
to  the  Army  Intelligence  Examination  but  is  keyed  more  diffi- 
cult so  as  to  be  suitable  for  college  freshmen. 

Test  V  is  a  series  of  simple  problems  in  physics  in  which 
some  knowledge  of  physics  is  implied.  The  problems  are  so 
worded  as  to  discourage  mere  repetition  of  memorized  ma- 
terial. 

Test  VI  is  a  test  of  general  technical  information.  In  this 
test  we  have  avoided  bookish  items  as  far  as  possible  and  have 
emphasized  those  items  of  information  which  a  high  school 
student  acquires  of  his  own  initiative  in  handling  tools,  mak- 
ing things,  observing  mechanical  devices  of  common  occur- 
rence, and  reading  popular  technical  magazines.  This  test 
probably  will  not  correlate  as  well  as  the  other  tests  with 
freshman  seholai'ship  because  the  freshman  courses  are  heavily 
loaded  with  mathematics  and  physics,  and  do  not  give  anj* 
particular  advantage  to  the  student  who  has  acquired  extensive 
technical  information  b.v  his  own  initiative. 

This  report  of  the  committee  is  only  a  progress  report  with 
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a  few  data  as  samples.  The  evaluation  of  the  six  tests  from 
the  48  participating  colleges  involves  so  much  clerical  work 
that  it  has  been  impossible  for  us  to  complete  the  report  in 
time  for  this  meeting.  However,  I  shall  report  on  the  findings 
for  Ohio  State  University  and  Carnegie  Institute.  These  find- 
ings are  subject  to  some  revision  later  when  the  data  from  all 
the  colleges  have  been  studied.  The  moneys  collected  from 
the  participating  colleges  have  been  sufficient  to  pay  not  only 
for  the  printing  of  the  test  blanks,  data  sheets  and  blue  print 
norms,  but  also  for  one  full-time  clerical  assistant  for  the 
past  school  year.  "SYe  have  sufficient  funds  left  for  one  clerical 
assistant  through  the  summer  months.  By  the  efforts  of  Pro- 
fessor Bingham  we  have  obtained  through  The  National  Re- 
search Council  in  "Washington  an  additional  allowance  of 
$500  for  clerical  work.  With  this  assistance  we  shall  be  able 
to  evaluate  the  data  from  all  the  participating  colleges  during 
the  present  summer  vacation. 

"We  have  now  on  hand  1,800  sets  of  examination  papers 
which  can  be  made  good  use  of  by  colleges  that  desire  to  sepa- 
rate their  freshmen  in  sections  according  to  ability.  These 
tests  are  available  at  the  same  rate  as  before,  namely.  $35  per 
hundred  sets. 

We  have  sent  out  10,275  sets  of  test  papers  and  we  have 
reports  for  7,069  students  on  these  tests.  These  records  rep- 
resent 39  colleges  that  have  reported  to  date. 

We  wish  to  emphasize  the  fact  that  in  order  to  complete 
this  experiment  it  is  necessary  to  check  up  the  test  scores  with 
reliable  measures  of  engineering  success.  We  now  have  meas- 
ures of  freshman  scholarship.  That  is  a  good  criterion  as  far 
as  it  goes.  But  we  must  continue  to  check  up  the  tests  with 
the  same  seven  thousand  students  on  their  scholarship  when 
they  become  sophomores,  juniors,  and  seniors.  We  must  also 
check  up  the  test  scores  with  their  engineering  success  meas- 
ured in  various  ways.  Then  we  shall  be  able  to  say  what  kind 
of  test  should  be  given  in  advising  a  boy  about  taking  up  engi- 
neering as  a  life  work. 
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Rank  of  the  3S  Colleges  ix  the  Sls  Tests. 

In  examining  this  table  we  must  not  conclude  that  it  indi- 
cates in  any  way  the  quality  of  instruction  because  the  col- 
leges are  here  ranked  in  order  according  to  the  scores  made 
by  their  entering  students.  The  table  shows  something,  how- 
ever, regarding  the  preparation  and  caliber  of  entering  stu- 
dents in  these  institutions.  The  high  rank  of  the  two  Cali- 
fornia colleges  probably  indicates  the  superior  quality  of 
high-school  instruction  in  that  state.  The  high  rank  of  some 
colleges  is  probably  due  to  the  fact  that  they  select  for  ad- 
mission only  one  out  of  three  or  four  applicants.  This  fact 
would  tend  to  raise  the  standard  of  the  entering  class. 

Atebage  Bask  op  the  38  Coixeges  ix  the  Six  Tests. 

2.5  Throop  College  of  Tech.  21.0  tTniversitT  of  Tirginia 

3.5  TJniv.  of  California  21.4  Lafayette  College 

6.7  Cornell  UniTersity  22.0  TJniv.  of  ATkanjtas 
7.9  Worcester  Polv.  Institute  22.5  TTnir.  of  Oklahoma 

9.8  Case  School  of  Applied  Science  23.0  Oklahoma  Agrie.  College 

9.9  Bensselaer  Poly.  Institute  23.2  Johns  Hopkins  Univ. 
10.3  Syracuse  University  24.1  Univ.   of   Missouri 

12.3  Carnegie  Inst,  of  Tech.  24.5  Kansas  Agrie.  College 

12.4  Ohio  State  University  24.9  Bhode  Island  State  College 

13.7  Univ.  of  Michigan  25.0  Marquette  University 
15.2  Univ.  of  Pennsylvania  25.2  Municipal  Univ.  of  Akron 

15.8  Tufts  College  26.2  Vanderbilt   University 

16.9  Michigan  Agrie.  College  26.5  Purdue  University 
18.9  Univ.  of  Washington  26.8  Iowa  State  College 

19.6  Univ.  of  Kansas  27.5  Trade  School  at  Carnegie 
19.8  Missouri  School  of  Mines                  27.5  University  of  Maine 

19.8  Drexel  Institute  28.0  University  of  Termont 

19.9  New  York  University  32.2  University  of  Alabama 

20.7  Bose  Poly.  Institute  35.1  New  Mexico  Agrie.  College 

The  ranks  are  obtained  as  follows :  Throop  College  freshmen 
rank  second  in  test  I,  third  in  test  II,  fourth  in  test  III,  fourth 
in  test  IV,  first  in  test  V,  and  first  in  Test  VI.  The  average 
rank  for  the  college  is  2.5,  as  shown  in  the  above  table.  Simi- 
larly for  the  freshmen  of  the  other  colleges. 
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Comparison  of  Predictive  Value  of  High-school  Scholarship  and  S. 

P.  E.  E.  Tests  with  Special  Reference  to  First-term 

Freshman  Engineering  Scholarship. 

Correlations  between  first-term  scholarship  and  the  following  facts  de- 
termined at  the  time  of  admission. 

Carnegie  Institute.   Ohio  State. 

Alg&bra,  Test  II,  S.  P.  E.  E ^ '. 41  .51 

Algebra,  High-school  Grade 39  .26 

Geometry,  Test  III,  S.  P.  E.  E 41  .33 

Geometry,  High-school  Grade 23  .31 

Physics,  Test  V,  S.  P.  E.  E 40  .39 

Physics,  High-school  Grade 24  .38 

Average  in  Six  Tests  S.  P.  E.  E 55  .65 

Average  High-school  Scholarship 29  .38 

Thurstone  Intelligence  Test,  IV   (S.  P.  E.  E.).     .37  .41 

Army  Alpha  Intelligence  Test 34  .35 

Comparison  of  the  Algebra  Test  II  and  high-school  scholar- 
ship in  algebra  shows  that  it  is  possible  to  predict  the  scholar- 
ship of  an  entering  freshman  better  hy  means  of  a  thirty- 
minnte  test  in  algebra  than  by  his  high-school  scholarship  in 
algebra  in  spite  of  the  fact  that  the  high  school  grade  is  sup- 
posed to  represent  a  full  year's  acquaintance  with  the  stu- 
dent's work  in  algebra. 

The  same  type  of  comparison  for  the  Geometry  Test  III  and 
high-school  scholarship  in  geometry  shows  similar  results. 
One  can  predict  a  freshman's  scholarship  better  by  a  thirty- 
minute  test  in  geometrical  construction  than  by  his  scholar- 
ship grade  in  high-school  geometry.  This  may  be  due  to  the 
fact  that  the  test  was  devoted  exclusively  to  geometrical  con- 
struction without  proofs  whereas  the  high-school  course  in 
geometry  is  too  often  limited  to  the  memorizing  of  geometrical 
propositions  and  proofs.  If  instruction  in  geometry  placed 
more  emphasis  on  the  solution  of  original  problems  in  geo- 
metrical construction,,  the  predictive  value  of  the  course  with 
reference  to  engineering  would  be  enhanced. 

The  same  conclusion  holds  as  regards  physics.  The  corre- 
lations show  that  it  is  possible  to  predict  freshman  scholarship 
better  by  a  thirty-minute  test  in  phj'sics  than  by  the  high- 
24 
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school  grade  in  physics.  This  may  be  due  to  the  fact  that  the 
physics  test  used  in  our  investigation  called  for  the  applica- 
tion of  principles  in  physics  to  simple  problems  whereas  the 
high-school  course  does  not  emphasize  the  solution  of  prob- 
lems in  physics. 

It  is  interesting  to  compare  the  predictive  value  of  the  aver- 
age score  in  the  six  tests  of  this  investigation  and  the  average 
high-school  scholarship.  This  shows  that  we  know  more  about 
a  student's  ability  to  do  freshman  engineering  work  by  the 
tests  than  by  the  average  of  all  his  high-school  grades.  In  fact 
a  single  thirty-minute  test  tells  more  about  what  a  student  can 
and  will  do  in  his  freshman  engineering  course  than  the  aver- 
age of  all  the  high  school  subjects.  This  is  shown  objectively 
by  the  correlation  coefficients. 

It  is  also  interesting  to  note  the  predictive  value  of  the  in- 
telligence test  alone  as  shown  by  the  correlation  between  this 
test  and  first-term  freshman  scholarship.  The  coefficient  for 
our  thirty-minute  intelligence  test  is  .41  for  Ohio  State  and 
.37  for  Carnegie  Institute.  The  corresponding  coefficients  for 
the  Army  Intelligence  test  show  that  the  two  tests  are  com- 
parable as  regards  the  prediction  of  first-term  freshman  schol- 
arship. I  believe  examiners  will  perhaps  agree  that  the  cycle 
omnibus  form  of  test  which  I  have  been  using  is  easier  to  con- 
duct than  the  separate  time  limits  of  the  Army  Alpha  exami- 
nation. 

Age  as  a  Criterion  for  Admission. 

The  accompanying  chart  shows  the  ratio  of  freshmen  at  dif- 
ferent ages  who  withdraw  during  their  freshman  year.  The 
withdrawals  are  fewest  for  the  nineteen-year-olds  and  more 
frequent  among  the  younger  and  older  freshmen.  These  data 
are  not  conclusive  and  must  be  verified  by  the  results  from  a 
larger  number  of  freshmen  at  different  colleges.  These  tables 
will  be  prepared  this  summer. 
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The  Results  for  AYithdrawx  Students. 

We  have  not  only  determined  the  correlation  between  the 
test  scores  and  freshman  scholarship  but  we  have  also  tabu- 
lated separately  the  test  scores  of  the  students  who  withdrew 
during  the  first  semester.  The  significant  fact  is  that  the 
lower  the  test  scores  the  greater  is  the  probability  of  with- 
drawal during  the  freshman  year.  The  same  condition  is  true 
to  a  lesser  degree  with  high-school  scholarship. 

If  an  entering  student  at  Ohio  State  in  engineering  has  a 
high-school  grade  in  algebra  between  70  and  79  the  probabil- 
ity is  .21  that  he  will  withdraw  during  the  freshman  year.  If 
he  has  a  high-school  grade  in  algebra  between  90  and  100  the 
probability  is  .16  that  he  will  withdraw  during  the  freshman 
year.  This  difference  between  .21  and  .16  is  not  large  enough 
to  enable  us  to  place  much  confidence  in  the  high-school  grade 
for  predicting  success  in  college  work. 

If  a  student  makes  a  score  in  the  half-hour  test  in  algebra 
between  zero  and  3,  the  probability  is  .25  that  he  will  with- 
draw during  his  freshman  year.  But  if  he  makes  a  score  of 
9  or  above,  the  probability  is  0.00  that  he  will  withdraw  dur- 
ing the  freshman  year.  In  other  words,  one  fourth  of  the  stu- 
dents who  make  scores  of  3  or  less  withdraw  during  the  first 
year,  whereas  none  of  the  students  who  make  scores  of  9  or 
above  withdraw  during  the  first  year.  Similar  facts  are 
shown  by  the  charts  for  the  other  tests. 

It  should  not  be  inferred  from  these  statements  that  high- 
school  grades  are  useless  because  the  students  who  have  high 
grades  in  high  school  tend  to  do  better  in  college  than  those 
who  earned  low  grades  in  high  school.  The  fact  that  we  have 
here  discovered  is  that  the  half-hour  examinations  serve  to 
predict  freshman  scholarship  better  than  high-school  grades. 

Analysis  of  the  correlations  between  freshman  scholarship 
and  each  of  the  six  tests  shows  that  some  of  the  tests  have 
higher  predictive  value  than  others.  The  best  prediction  is  ob- 
tained by  the  combination  of  the  six  tests.  This  is  true  both 
at  Carnegie  Institute  and  Ohio  State  Universitv.     That  is  to 
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be  expected.  The  freshmau  eugiueeriDg  curriculum  is  so 
heavily  loaded  with  mathematics  and  physics  that  we  should 
expect  the  mathematics  tests  to  correlate  best  with  freshman 
scholarship  and  such  is  the  case.  The  algebra  and  arithmetic 
test  correlate  highest  with  first-term  freshman  scholarship. 
Next  in  order  comes  the  intelligence  test  and  the  physics  test. 
The  test  of  general  technical  information  has  the  lowest 
correlation  (among  the  six  tests)  with  first-term  freshman 
scholarship.  This  is  what  we  should  expect,  since  the  fresh- 
man courses  do  not  give  much  advantage  to  the  boy  who  ha.s 
been  interested  in  tools  and  things  mechanical.  However,  I 
believe  that  when  these  tests  come  to  be  correlated  with  junior 
and  senior  scholarship  and  with  professional  success  it  will 
prove  to  have  higher  diagnostic  value.  The  freshman  engi- 
neriug  courses  can  be  pursued  successfully,  by  the  boy  who 
has  no  technical  interests  whatever  since  the  courses  are 
largely  mathematical  and  analytical.  Later  in  their  course, 
however,  the  uou-mechanically  inclined  students  will  find  the 
engineering  curriculum  troublesome  and  that  is  the  time  when 
the  predictive  value  of  the  test  of  technical  interest  and  in- 
formation will  probably  prove  its  value. 

KeCOM  MENDATION. 

That  the  committee  be  continued  so  that  the  results  of  soph- 
omore, junior  and  senior  scholarship  m^y  be  used  as  criteria 
for  determining  the  predictive  value  of  the  tests. 

Discussion. 

A.  A.  Potter:  Professor  J.  C.  Peterson,  of  the  department 
of  education  of  the  Kansas  State  Agricultural  College,  con- 
ducted the  intelligence  tests  with  215  freshman  students  en- 
rolled in  the  Division  of  Engineering  at  the  Kansas  State 
Agricultural  College.  The  conclusions  which  follow  are  con- 
cerned mainly  with  116  students"  records  which  were  complete 
with  respect  to  high  school  grades,  first  semester  college 
grades  and  intelligence  test  scores: 
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1.  The  test  scores  gave  a  much  more  accurate  estimate  of 
the  students'  achievement  in  college  than  did  the  high-school 
grades.  Thus,  in  the  ease  of  the  high-school  grades,  the  stu- 
dents who  ranked  in  the  best  quarter  were  only  6^  times  as  far 
above  passing  as  those  listed  in  the  poorest  quarter.  On  the 
other  hand,  the  test  scores  gave  the  upper  quarter  12^  times 
as  good  a  rating  as  compared  with  those  in  the  lowest  quar- 
ter. The  correlation  between  the  test  scores  and  college  grades 
was  .586  and  that  between  the  high-school  grades  and  college 
grades  was  only  .319. 

2.  The  results  show  that  a  student  who  ranks,  in  accordance 
with  the  test  scores,  in  the  lowest  quarter  has  a  chance  of  1  to 
1  of  failing  in  his  college  work. 

•3.  The  tests  show  that  the  students  rated  in  the  upper  quar- 
ter failed  in  2.4  per  cent,  of  the  work  assigned;  those  in  the 
second  quarter  in  8.6  per  cent. ;  those  in  the  third  quarter  in 
15.8  per  cent. ;  and  those  in  the  fourth  quarter  26.8  per  cent. 

4.  Students  whose  high-school  records  were  complete  made 
a  much  better  showing  in  the  intelligence  tests  than  those  who 
were  conditioned  in  their  high-school  work. 

5.  The  intelligence  tests  seem  to  show  that  this  method  can 
be  used  in  controlling  the  assignments  of  freshmen  students. 
Thus,  the  students  who  ranked  in  the  upper  quarter  can  carry 
three  courses  in  mathematics  and  chemistry  without  difficulty. 
On  the  other  hand,  a  student  in  the  lowest  quarter  should  not 
be  assigned  to  more  than  one  mathematical  subject  during  any 
one  semester. 

While  the  results  of  this  investigation  are  not  conclusive, 
they  do  show  that  if  intelligence  tests  are  applied  to  the  high- 
school  graduates  before  they  are  allowed  to  enter  college,  the 
number  of  failures  in  the  freshman  year  will  be  greatly  re- 
duced. 

F.  C.  Caldwell:  A  certain  skepticism  about  the  complete- 
ness of  the  specification  of  a  man  as  given  by  the  grades  of 
these  tests  is  not  uncommon.  It  fell  to  my  lot  to  supervise  the 
o-rading  of  the   papers  on   general  intelligence   at  the   Ohio 
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State  University,  and  it  occurred  to  me  to  make  a  graphic 
study  of  the  results. 

The  psychologists  might  not  agree  with  me,  but  it  appears 
that  there  are  three  causes  that  contribute  to  a  man's  failure 
to  get  a  high  grade  in  these  papers.  It  may  be  that  he  is 
stupid,  and  that  attempting  the  problems,  he  cannot  solve 
them.  It  may  be  that  he  is  careless,  that  he  could  do  them 
if  he  was  more  careful,  but  he  gets  wrong  answers.  Thirdly, 
it  may  be  that  he  is  simply  slow,  he  does  what  he  does  cor- 
rectly, but  does  not  have  time  to  do  them  all.  "We  might  con- 
sider that  the  first  two  defects  were  of  about  equal  import- 
ance. In  other  words,  it  would  not  be  a  very  serious  matter 
if  we  did  not  distinguish  between  the  two.  but  almost  every 
one  would  prefer  a  man,  who,  starting  at  the  beginning  of  the 
examination,  as  in  the  case  of  one  of  these  men,  did  74  ques- 
tions, and  did  74  right,  and  then  reached  the  end  of  his 
time,  than  a  man  who  attempted  many  more  questions,  and 
still  got  a  score  of  only  74.  So  the  question  to  what  extent 
this  system  of  examinations  does  not  take  account  of  that 
difference  seems  to  be  a  matter  of  some  consequence. 

Xow.  I  plotted  this  curve,  in  which  the  grade  is  the  ordi- 
nate, while  the  number  of  the  last  question  attempted  is  the 
abscissa.  Each  point  represents  the  score  of  one  paper. 
So.  for  instance,  we  have  here  one  man  who  did  75  questions 
and  got  -a  grade  of  72 :  that  is.  there  were  3  questions  he 
failed  on.  Here  is  another  man  who  also  got  a  score  of  72. 
but  he  attempted  150  questions.  That  is  twice  as  many  ques- 
tions. We  might  say  that  the  spread  of  the  points  along  the 
horizontal  line  is  a  mea.sure  of  the  defects  of  this  method  of 
grading,  regarded  as  a  specification  of  the  characteristics  of 
a  man.  "We  would  a  good  deal  rather  have  the  man  who  got 
72  out  of  75  that  he  tried,  than  the  man  who  got  72  out  of 
150.  If  a  man  answers  all  the  questions  that  he  attempts,  the 
point  will  lie  on  the  45°  line.  There  was  just  one  man  who 
did  that,  every  other  man  lies  quite  a  little  below  that  line. 
There  are  also  shown  lines  whose  tangents  are  sixtv,  seventv. 
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eighty,  and  ninety  per  cent.  Nearly  all  the  points  lie  be- 
tween the  lines  for  about  76  per  cent,  and  94  per  cent.  If 
this  method  of  grading  is  justified,  it  would  appear  to  be 
because  so  large  a  majority  of  the  points  lie  within  a  com- 
paratively narrow  range.  On  the  other  hand,  there  is  a  con- 
siderable scattering  of  points  on  both  sides  that  vary  quite 
widely  from  that  range.  So  that  it  may  be  that  instead  of 
giving  this  specification  as  simply  the  one  number,  which  is 
now  given  as  the  grade,  there  ought  to  be  a  complex  number 
made  up  of  the  present  grade,  and  a  ratio  of  the  number  that 
he  answers  correctly  to  the  number  that  he  attempts.  So 
that  in  the  case  considered  above,  you  would  have  a  complex 
grade  of  72-96.  Seventy-two  is  the  number  of  answers;  96 
is  the  ratio  of  that  number  to  the  number  that  he  attempted. 
Whereas  the  man  who  having  attempted  150,  also  has  a  grade 
of  72,  would  have  a  grade  of  92^8.  We  might  say  72-96 
represented  a  good  deal  better  type  of  man  than  72-48. 

Professor  Magruder  exhibited  a  chart,  showing  the  correla- 
tion of  the  summation  of  the  three  mathematical  subjects  of 
the  S.  P.  E.  E.  Intelligence  Tests  with  the  results  of  the  first 
semester's  examination  in  mathematics  at  The  Ohio  State 
University  and  the  slight  probability  of  the  man  who  made  a 
high  score  in  the  former  failing  in  the  latter. 

He  showed  blueprints  giving  the  relations  of  the  high 
school  students  to  their  grades,  or  numerical  marks, "as  sent 
in  to  the  Entrance  Board,  and  showing  the  extremely  high 
grades  given  by  high  school  teachers  to  their  students  who 
came  to  the  university,  only  seventeen  marks  out  of  2,500 
being  below  70  per  cent. 

Another  blueprint  vshowed  graphically  that,  according  to 
the  results  of  the  examinations,  the  625  students  who  were 
tested  had  much  more  intelligence  than  they  had  knowledge 
of  algebra. 

Another  blueprint  showed  the  very  great  similarity  of  the 
results  reported  by  the  departments  of  chemistry  and  mathe- 
m'atics  for  over  six  hundred  students  in  their  work  of  the  first 
semester. 


360  DISCUSSION . 

He  stated  that  the  results  so  far  obtained  seemed  to  give 
predictive  values  that  could  be  used  wisely  by  deans  and 
presidents  in  advising  and  guiding  students  who  needed  to  be 
urged  to  do  better  work  because  they  had  shown  themselves  to 
be  capable,  and  those  who  should  be  advised  to  give  up  the 
study  of  engineering  for  lack  of  vocational  aptitude,  also,  that 
poor  preparation  and  other  handicaps  could  be  overcome 
by  diligent  study  of  the  intelligent  student. 

Prof.  Thomas:  Mr.  Chairman.  I  wanted  to  say  that  durin^ir 
the  last  two  or  three  weeks  we  have  been  studying  the  in- 
telligence tests  given  at  Kose  Polytechnic  Institute  for  the 
purpose  of  determining  for  our  own  satisfaction  whether 
these  tests  ought  to  be  applied  to  the  entering  freshmen  at 
the  school.  I  have  to  confess  that  the  results  are  a  little  dis- 
appointing.    The  tests  are  good,  but  they  are  not  the  success 

It  seems  to  me  then  that  although  the  tests  show  up  very 
nicely  with  the  averages  Professor  Thurstone  got,  but  there 
seems  to  be  quite  a  sprinkling  of  individual  cases  in  which 
injustice  would  have  been  done  by  applying  those  tests  too 
rigidly. 

Out  of  a  class  of  ninety-six  Freshmen,  fifteen  men  were 
dropped  from  school  for  poor  scholarship.  We  studied  the 
records  in  various  ways,  and  among  them  the  way  Professor 
Thur.stone  used  of  grading  the  men  according  to  the  S.  P. 
E.  E.  fitness  test,  and  dividing  the  class  into  upper  quarter, 
second  quarter,  third  quarter,  and  lower  quarter.  "We  found 
that  in  the  upper  quarter  not  a  man  was  dropped  for  poor 
scholarship.  In  the  second  quarter,  two  men  were  dropped ; 
in  the  third  quarter  five,  and  in  the  last  quarter  eight.  Now 
it  looks  from  this  as  if  the  tests  were  very  perfect,  but  on 
closer  thought  we  examined  the  seven  men  who  failed  in  the 
fitness  test  and  yet  did  very  well  in  the  Freshmen  year,  and 
we  found  that  in  every  case  those  men  were  of  a  good  type, 
slow  but  .steady.  If  we  had  applied  the  fitness  test  to  them 
strictly,  they  would  have  dropped  out.  and  never  had  a 
chance  to  go  ahead.     For  example,  the  very  last  man  in  the 
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class  in  the  fitness  test  was  well  up  in  the  upper  half  of  the 
class  in  freshman  work.  Also  the  man  who  was  the  very 
highest  of  the  class  in  second  term  freshman  work,  with  an 
average  of  91,  was  very  low  in  the  fitness  test.  This  man 
is  a  reliable  but  rather  slow  fellow,  and  it  looked  to  me  as 
if  the  newness  of  the  tests  staggered  him.  I  am  satisfied  that 
of  the  seven  men  who  would  have  failed  by  those  tests, 
nearly  every  one  corresponds  to  this  type. 

It  seems  to  me  then  that  although  the  tests  show  up  very 
well  in  general  averages,  and  they  make  very  nice  curves, 
they  are  very  likely  to  lead  to  injustice  if  applied  too 
strictly.  They  are  a  good  thing,  but  they  ought  to  be  com- 
bined with  other  kinds  of  tests,  and  they  ought  not  to  be 
given  too  great  weight  as  an  entrance  criterion.  The  old 
type  of  entrance  examination  seems  to  give  a  better  oppor- 
tunity^ for  the  fellow  who  is  slow  and  steady.  It  is  by  feel- 
ing that  ordinary  examinations  should  be  combined  with  the 
fitness  tests,  and  the  fitness  tests  given  the  weight  of  not 
more  than  a  third  to  a  fifth  of  the  whole  entrance  criterion. 


REPORT  OF  THE  COMMITTEE  ON  DEGREES. 

The  committee  has  not  been  able  to  meet,  and  has  main- 
tained communication  bv  correspondence. 

The  committee  decided  to  confine  its  attention  to  the  preced- 
ing reports  of  similar  S.  P.  E.  E.  committees;  and  in  partic- 
ular to 

(1)  The  Report  of  the  Committee  on  Engineering  Degrees 
adopted  at  the  Madison  meeting  and  printed  in  Vol. 
X\' III  of  the  S.  P.  E.  E.  Proceedixgs,  1910,  pages  135- 
156.    This  is  called  the  first  report. 

(2)  The  Majority  Report  of  the  Committee  on  Engipeering 
Degrees  presented  to  the  Evanston  Meeting,  and  printed 
in  Vol.  XXVI  of  the  S.  P.  E.  E.  Proceedings,  1918,  pages 
177-179.    This  is  called  the  second  report, 

(3)  The  Minority-  Report  of  the  last  above  named,  pages  181— 
185.    This  is  called  the  third  report. 

The  committee,  in  general,  endorses  the  first  report ;  but  is 
unable  to  reach  unanimity  on  all  of  its  clauses.  The  reserva- 
tions, made  by  the  individual  members  of  our  committee,  par- 
ticularly relate  to  Clauses  I  and  VI  (pages  149-150,  Vol. 
XVIII). 

In  regard  to  Clause  I,  some  of  our  members  endoi*se  the 
third  report. 

In  regard  to  Clause  VI,  there  is  considerable  dissent  from 
the  plan  of  awarding  the  degrees  of  C.E.,  iI.E.,  etc.,  for  pro- 
fessional work  not  executed  in  residence. 

Although  our  committee  has  not  been  able  to  reach  unani- 
mous opinions  on  the  above  points,  we  recommend  the  stand- 
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ardization  of  degrees  given  in  engineering  by   the  various 
American  colleges,  as  far  as  may  be  practicable. 
Respectfully  submitted, 

C.  L.  Cory, 

C.  T.  Morris, 

Harold  Pender, 

P.  F.  Walker, 

F.  L.  Pryor, 

C.  F.  Scott, 

F.  W.  Sperr, 

A.   E.   Kennelly,   Chairman. 

Discussion. 

F.  W.  Sperr :  I  am  sorry  Professor  Kennelly  is  not  here  to 
present  this  himself.  It  is  very  brief,  but  I  think  what  the 
committee  wants,  what  Professor  Kennelly  wants,  is  a  dis- 
cussion on  the  part  of  the  society  in  order  to  see  whether  it 
may  not  be  possible  to  arrive  at  some  uniform  custom  or 
manner  of  giving  engineering  degrees.  The  Chairman  of  the 
Committee  submitted  a  number  of  propositions  to  the  mem- 
bers of  the  Committee,  and  the  main  question  that  we  had  to 
decide  as  members  of  the  committee  was  whether  we  were  to 
take  up  an  entirely  new  line  of  work  or  consider  the  reports 
of  past  committees  on  the  same  subject,  and  the  consensus  of 
opinion,  I  believe,  was  that  we  should  devote  ourselves  to  the 
reports  that  had  already  been  made,  to  see  whether  we  could 
not  bring  harmony  out  of  what  had  already  been  done,  but 
with  rather  conflicting  and  adverse  results. 

I  do  not  need  to  read  this  whole  paper.  You  have  it  before 
you.  You  can  see  all  there  is  at  a  glance,  but  I  wish  espe- 
cially to  call  your  attention  to  the  last  paragraph  there, 
"Although  our  committee  has  not  been  able  to  reach  unani- 
mous opinion  on  the  above  point,  we  recommend  the  standard- 
ization of  degrees  given  in  engineering  by  the  various  Ameri- 
can colleges,  as  far  as  may  be  practicable." 
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I  think  likely  every  one  in  this  society  will  be  agreed  on 
that  proposition,  but  jnst  how  that  should  be  done,  we  will,  of 
course,  have  varying  opinions.  "With  regard  to  that  refer- 
ence, he  says  some  of  our  members  endorse  the  third  report, 
and  I  have  a  copy  of  that  report  here  if  anyone  should  want 
to  see  it.  You  remember  perhaps  that  the  majority  report 
recommended  the  terms  of  bachelor  of  science  in  mechanical 
engineering,  civil  engineering,  in  electrical  engineering,  and 
so  forth,  while  the  third  report  recommended  the  giving  of 
the  degree  of  civil  engineering,  mining  engineering,  electrical 
engineering,  and  so  forth,  without  any  qualifying  phrases. 
The  committee  has  had  no  opportunity  to  meet  and  discuss 
the  subject,  but  I  believe  personally  that  the  time  for  the 
necessity  of  such  a  qualifying  phrase  as  bachelor  of  science 
in  these  various  kinds  of  engineering  has  gone  by.  In  the 
earlier  days  of  engineering  education,  the  general  public  knew 
little  or  nothing  of  what  the  engineering  course  comprised,  or 
included,  and  there  was  an  attempt  made  on  the  part  of  the 
educators  to  indicate  on  the  diploma  that  it  was  substantially 
a  bachelor  of  science  degree,  supplemented  or  strengthened 
by  certain  lines  of  work  which  qualified  the  man  for  tlie  pur- 
suit of  some  engineering  profession.  I  believe  it  started  with 
civil  engineering,  and  I  am  not  sure  whether  mining  engi- 
neering came  next,  and  then  mechanical  engineering,  and 
various  other  kinds  of  engineering,  and  there  were  other  in- 
fluences, no  doubt,  that  contributed  to  the  rather  general  prac- 
tice that  was  inaugurated  of  making  the  degree  read  Bachelor 
of  Science  in.  I  believe  the  quality  of  American  engineering 
education  is  now  well  known  the  world  over,  and  it  is  no 
longer  necessary  to  explain  it  by  any  qualifying  phrases  on 
the  graduate's  diploma.  And.  moreover,  the  successful  com- 
pletion of  an  engineering  curriculum  is  well  worthy  of  a  pride 
and  satisfaction  that  should  be  recognized  on  the  diploma, 
and  T  know  of  no  better  way  to  accord  such  recognition  than 
by  the  simple  letters  C.E..  M.E..  E.E..  E.M..  Ag.E..  etc. 
Tt   further   appears   from   Professor  King's   paper  on   Engi- 
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neeriiig  Degrees  in  Latiu-America  Republics  that  our  neigh- 
bors to  the  south  understand  what  the  degree  of  mining  engi- 
neering and  mechanical  engineering  means  just  as  we  under- 
stand it,  but  they  do  not  understand  the  term  Bachelor  of 
Science  as  we  understand  it.  If  there  is  an  advantage  in  be- 
coming better  understood  by  our  neighbors  to  the  south,  and 
I  think  there  is  a  decided  advantage,  I  am  one  of  those  who 
favors  the  third  report  without  qualifications. 

W.  G.  Raymond:  Mr.  Chairman,  I  don't  believe  that  it  is 
necessary  to  discuss  the  report  because  I  suspect  that  the  last 
clause  says  about  all  we  shall  ever  attempt  to  do  or  ever  suc- 
ceed in  doing,  and  yet  I  would  like  to  present  a  scheme  we 
have  with  us  because  I  think  it  is  rather  logical.  We  call  our 
four-year  men,  when  they  graduate.  Bachelors  of  Engineer- 
ing, no  matter  in  what  course  they  have  been.  They  are 
not  Bachelors  of  Science,  although  they  have  been  students  in 
the  school  of  Applied  Science.  We  call  them  Bachelors  of 
Engineering.  That  leads  the  way  to  a  professional  degree. 
That  professional  degree  of  civil  engineering,  mechanical  engi- 
neer, or  chemical  engineer,  is  obtained  after  four  years  of 
active  practice,  one  of  which  mustbe  in  responsible  charge, 
and  one  may  be  a  year  in  a  University,  a  year  of  graduate 
study.  We  have  tried  to  make  the  one  year  of  graduate  study 
coimt  as  two  of  actual  practice,  and  we  think  that  is  logical, 
because  that  permits  us  to  give  a  man  a  professional  degree 
as  soon  as  he  would  obtain  associate  membership  in  the 
American  Society  of  Civil  Engineers,  or  practically  the  same 
rank  in  the  other  societies.  So  we  recognize  him  as  a  full  engi- 
neer with  full  title  when  he  would  be  recognized  as  a  member 
of  one  of  the  national  societies.  We  do  not  require  him  to 
make  a  thesis  or  anything  of  that  sort.  We  do  require  him 
to  submit  names  of  persons  to  whom  we  write  for  informa- 
tion as  to  the  character  of  the  work  he  has  done,  v\diether  or 
not  it  is  of  sufficient  importance  to  warrant  giving  the  de- 
gree, and  sometimes  we  do  not  give  it  at  the  end  of  four 
years.    Giving  the  general  degree  of  Bachelor  of  Engineering 
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permits  also,  without  straining  the  point,  to  srive  the  man  who 
stndied  in  civil  engineering  but  practices  in  electrial  engi- 
neering, the  degree  of  electrical  engineer.  We  have  given  the 
degrees  of  electrical  engineer  and  civil  engineer  to  gradates  of 
mechanical  engineering,  and  the  degree  of  mechanical  engi- 
neer to  graduates  in  electrical  engineering.  We  think  that 
whole  procedure  is  quite  logical,  but  so  far  it  does  not  seem 
to  meet  with  great  favor  in  this  organization. 

F.  C.  Caldwell:  Mr.  Chairman,  we  give  the  degree  of  Bach- 
elor of  Electrical  Engineering  at  The  Ohio  State  University, 
but  I  was  very  much  pleased  to  hear  what  Dean  Raymond 
says.  It  would  seem  most  desirable  to  get  together  on  a 
single  engineering  degree.  It  would  then  become  generally 
known  in  the  same  way  that  the  degree  of  Bachelor  of  Science 
or  the  Degree  of  Bachelor  of  Arts  is  known,  and  also  would 
have  a  further  advantage  in  emphasizing  that  we  are  primar- 
ily engineers,  a  fact  that  is  coming  to  be  more  and  more  ap- 
preciated. 

Dean  Raymond:  Xo.  sir.  two  years,  one  iu  responsible 
charge.  Tliis  putting  one  year  in  graduate  work  equivalent 
to  two  years  in  practice  arose  out  of  the  difficulty  we  got  into 
when  it  came  to  dealing  with  the  men  who  were  taking  the 
five  years'  chemical  engineering  course.  They  rather  wanted 
a  degree  at  the  end  of  the  four  years,  and  we  did  not  quite 
know  what  to  do.  We  give  them  the  degree  of  Bachelor  of 
Science.  B.S..  at  the  end  of  four  years  and  then  they  must 
stay  another  year.  Then  they  get  a  certificate  only.  After 
two  years  if  one  year  has  been  in  responsible  charge,  they 
get  the  degree  of  chemical  engineer. 

Professor  Sperr:  I  do  not  think  it  is  so  much  a  question  of 
what  we  require,  but  of  what  we  show  in  the  degree. 

Professor  Thompson :  I  would  like  to  ask  the  chairman  of 
tlif  Committee,  ii  I  may.  just  one  question.  That  is.  if  the 
engineering  societies  have  expressed  any  opinion  as  to  what 
name  should  be  given  or  what  the  title  of  the  graduate  into 
the  various  engineering  degrees  should  be?    I  think  perhaps 
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there  is  one  place  we  might  get  into  a  little  cooperation  with 
them,  to  find  what  practicing  engineers  think  about  it. 

Professor  Sperr:  I  cannot  recall  at  this  moment,  but  it 
seems  to  me  in  one  of  these  papers  in  the  same  volume  I  re- 
ferred to  before,  something  is  said  about  that,  but  I  think 
it  should  be  thoroughly  determined  to  see  what  the  societies 
of  the  various  engineering  bodies  think  about  the  matter,  and 
what  in  their  experience  would  seem  to  be  best,  but  isn't  it 
also  true  that  each  member  would  think  that  the  degree  which 
has  been  given  should  be  the  one  to  be  continued  ? 

Professor  Thompson:  Have  those  organizations  no  com- 
mittees on  Engineering  Education  or  any  committees  that  are 
in  any  way  cooperating  with  this  society?  It  seems  to  me 
there  is  a  question  on  which  we  should  be  able  to  get  some 
formal  expression  from  those  societies,  not  necessarily  from 
the  individual  members. 


ANNUAL  DINNER. 

Dean  Cooley:  It  is  my  present  duty  as  senior  host  to  the 
members  of  the  Society  for  the  Promotion  of  Engineering 
Education  to  introduce  to  you  or  present  to  you  the  president 
of  the  society,  who  will  now  deliver  his  annual  address. 
President  Greene. 

President  Greene :  Dean  Cooley,  ladies  and  gentlemen : 
Before  reading  my  address  to  you.  I  wish  to  take  this  oppor- 
tunity to  give  my  thanks  and  my  appreciation  to  the  mem- 
bers of  the  Council,  to  the  secretary,  the  treasurer,  and  the 
secretary's  assistant,  for  the  work  with  which  they  have 
aided  me  during  the  past  year.  I  personallj-  have  enjoyed 
this  meeting  very  much.  I  think  it  has  been  a  good  meet- 
ing, but  I  do  not  think  it  is  due  to  the  President.  I  think  it  is 
due  to  the  officers  of  the  Society  and  the  committee  here  in 
Ann  Arbor,  and  I  wish  at  this  time  to  make  my  public  ac- 
knowledgment. 

President  Greene :  Ladies  and  gentlemen :  A  number  of 
years  ago  Professor  Sprangler,  of  whom  I  spoke  at  the  open- 
ing session  of  this  convention,  prepared  a  .small  paper  in 
which  he  gave  information  of  the  Mechanical  Engineering 
Department  of  the  University  of  Pennsylvania  to  the  gradu- 
ates. That  paper  was  intended  to  keep  Sprangler  \s  boys  con- 
nected with  the  old  hoine.  I  think  for  a  mechanical  engineer 
he  chose  a  very  happy  title  for  this  small  four  page  sheet. 
It  was  called  "The  Connecting  Rod."  It  appealed  to  the 
mechanical  engineer,  and  it  did  join  the  cranks  with  the 
crosshead. 

So  much  for  the  application  to  Pennsylvania.  The  crank 
and  the  crosshead  now  assist  each  other.  "We  have,  however, 
in  our  society,  a  connecting  rod  between  one  administration 
at  the  University  of  Michigan  and  another.     Rarely  does  a 
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society  have  the  distinct  honor  of  being  welcomed  at  its  open- 
ing session  by  one  president  of  a  University,  and  also,  if 
I  may  use  the  term,  Mr.  President,  welcoming  a  new  presi- 
dent. That  is  our  distinct  honor.  We  form  the  connecting 
link  between  President  Hutchins  and  President  Burton.  The 
society  is  very  anxious  to  extend  at  the  close  of  the  first  day 
of  the  new  presidency  its  felicitations  and  best  wishes  to  you, 
sir.  and  they  have  asked  me  if  I  could  present,  before  I 
called  on  you  to  speak,  a  small  token  which  may  wither,  but 
which  expresses  thoughts  which  will  never  die.  With  the 
best  wishes  of  the  society  (presenting  flowers  to  Dr.  Burton) 
I  present  these  flowers,  and  will  call  on  you  as  the  next 
speaker.     President  Burton. 


WHAT  MUST  THE  COLLEGES  DO? 

BY  M.  L.  BURTON, 
President  of  the  TJniversity  of  Michigan. 

America  has  always  believed  in  education.  Before  the  war 
there  was  ample  evidence  that  Americans  had  great  confidence 
in  institutions  of  higher  learning.  The  large  sums  of  money 
provided  by  private  gifts  and  by  legislative  appropriations 
were  concrete  proof  that  this  country  was  fully  aware  of  the 
value  of  higher  training.  Since  the  war  it  is  perfectly  evi- 
dent that  America  has  a  pa.ssion  for  education.  The  unprece- 
dented enrollment  of  students  this  fall  in  colleges  and  universi- 
ties may  be  attributed  to  the  war.  Multitudes  of  men  have 
seen  in  the  army  that  opportunities  for  leadership  frequently 
go  to  the  trained  man.  The  people  as  a  whole  have  observed 
that  education  and  democracy  are  inseparable.  Along  with 
this  splendid  new  passion  for  education  has  come  a  tendency 
on  the  part  of  large  numbers  of  discriminating  people  to 
scrutinize  with  care,  and  in  some  cases  to  criticize  with  sever- 
ity the  aims,  methods  and  results  of  our  entire  educational 
system. 

We  should  lack  in  candor  if  we  did  not  recognize  frankly 
the  present  situation  of  the  liberal  arts  college.  In  various 
sections  of  the  country  the  Junior  College  plan  is  being  pro- 
moted and  is  developing  with  considerable  rapidity.  It  fos- 
ters the  tendency  for  a  boy  to  remain  at  home  for  the  first 
two  years  of  his  college  work  and  then  to  go  directly  to  his 
professional  training.  This  plan  in  a  comprehensive  system 
of  state  education  aims  to  relieve  the  large  state  universities 
of  the  serious  overcrowding  of  the  freshman  and  sophomore 
years.  Closely  connected  with  this  proposal  is  the  demand 
for  a  complete  reorganization  and  regrouping  of  the  units  of 
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our  educational  system.  Beyond,  or  within,  these  considera- 
tions is  the  whole  problem  of  the  economy  of  time  in  educa- 
tion calling  for  the  elimination  of  two  years  in  the  primary 
grades,  one  year  in  high  school  and  such  a  readjustment  of 
pro-professional  training  that  a  student  may  reach  at  an 
earlier  age  the  specific  field  of  study  which  is  to  prepare  him 
for  his  life  work.  Without  doubt  the  heart  of  the  issue  con- 
cerns the  student's  attitude  to  his  work.  The  boy  in  the  lib- 
eral arts  college  is  accused  of  "general  aimlessness."  He 
suffers  by  comparison  with  the  professional  or  technical  stu- 
dent whose  definite  aim  gives  a  seriousness  and  earnestness  to 
his  work.  Through  all  of  these  considerations  runs  the  vague 
but  certain  assumption  that  this  new  day  demands  something, 
new  of  the  college.  All  of  these  factors  combine  to  produce  a 
total  situation  which  leads  many  seriously  to  consider  the  fu- 
ture of  the  college  of  liberal  arts. 

Certain  preliminary  observations  may  be  made  at  this  junc- 
ture. The  traditional  answers  to  our  question  will  not  suffice. 
The  colleges  must  teach  and  must  foster  investigation  but  the 
present  situation  will  not  be  met  by  the  mere  reiteration  of 
those  formulae.  On  the  other  hand,  the  colleges  have  stood  for 
too  much  truth  in  the  past  now  to  be  destroyed  or  even  to 
experience  a  complete  metamorphosis.  No  disagreement  need 
arise  in  regard  to  the  primary  importance  of  research.  The 
differences  in  this  respect  between  a  college  and  a  university 
must  not  be  overlooked.  But  even  so,  it  may  be  said  with 
some  show  of  wisdom  that  no  man  can  be  a  virile  and  stimu- 
lating teacher  over  a  long  period  of  years  unless  he  is  thor- 
oughly at  home  in  his  field  and  giving  occasional  evidence  of 
his  eagerness  and  ability  to  make  some  contribution  to  the 
world's  mastery  of  that  field.  So  with  no  undue  straining 
after  something  new,  but  with  a  profound  conviction  that  the 
present  situation  demands  a  new  emphasis  upon  certain 
phases  of  college  work  we  set  out  to  suggest  an  answer  to  the 
question  "What  Must  the  Colleges  Do?" 

The  college  must  place  a  new  strong  emphasis  upon  the  old- 
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fashioned  demand  for  accuracy.  The  facts  involved  here  are 
so  familiar  and  so  obvious  that  they  need  not  be  set  forth  in 
detail.  Speaking  historically,  we  have  been  a  race  of  pioneers. 
From  the  beginning  we  have  done  the  best  we  could.  No  one 
has  pretended  that  we  were  doing  as  well  as  we  should  like. 
It  takes  time  to  develop  a  substantial,  enduring  civilization. 
It  is  frequently  -charged  that  superficiality  is  an  American 
vice  and  no  one  thinks  of  denying  the  accusation.  The  in- 
evitable results  appear  in  everything  we  try  to  do.  In  art,  in 
architecture,  in  literature  and  in  education  it  is  possible  to 
find  ample  evidence  to  sustain  this  point  of  view.  Tempera- 
mentally we  are  not  well  equipped  for  patient  work.  "We  are 
in  such  a  hurry  that  we  haven't  time  to  recognize  its  evil 
effects.  The  complexity  of  our  life  is  increasingly  astounding. 
We  rarely  settle  down  with  the  single  aim  to  do  a  job  the  way 
it  should  be  done.  These  tendencies  have  affected  our  stand- 
ards. Our  aim  is  to  turn  off  the  task.  Our  ambition  is  to  see 
how  quickly  a  thing  can  be  done.  It  sometimes  seems  that  our 
chief  thought  is  centered  not  about  doing  something,  but 
merely  appearing  to  do  it.  In  many  of  our  common  activities, 
notably  in  politics,  we  have  developed  persons  who  are  mas- 
ters in  passing  responsibilities  to  others.  It  is  not  surprising 
that  these  tendencies  and  qualities  have  manifested  themselves 
in  American  education.  Our  educational  institutions  in- 
evitably reflect  the  spirit  of  our  civilization,  A  decade  ago, 
the  attack  upon  our  colleges  was  bitter.  In  many  respects  the 
accusations  were  entirely  justified.  America's  hurry  and 
superficiality  found  one  form  of  expression  in  the  typical 
undergraduate  who  had  little  concern  for  the  real  work  of  the 
college.  On  the  other  hand,  we  have  a  right  to  expect  that 
some  of  the  best  products  of  American  colleges  would  appear 
among  the  Rhodes  Scholars.  There  are  many  qualifications  to 
such  a  statement  and  many  extenuating  circumstances  which 
might  be  cited,  but  the  Rhodes  Scholars  of  the  last  ten  years 
have  certainly  been  above  the  average  of  the  men  produced  by 
our  entire  educational  svstem.    It  is  interesting,  therefore,  to 
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know  how  these  men  have  impressed  their  Oxford  tutors.  In 
general,  Oxford  has  recognized  generously  and  sympathetic- 
ally the  good  qualities  of  the  American  scholar.  But  his  edu- 
cational equipment  has  not  been  eulogized.  Among  large 
numbers  of  published  statements  one  finds  such  expressions  as 
these :  ' '  They  seem  very  deficient  in  scholarship  in  a  wide 
sense."  'They  seldom  or  never  settle  down  to  a  long  spell  of 
thorough  work,"  "They  have  been  taught  nothing  very  pre- 
cisely." These  are  serious  and  severe  indictments  not  only 
of  a  few  Rhodes  scholars,  but  of  American  educational  stand- 
ards as  a  whole. 

Fortunately,  the  war  has  established  a  whole  set  of  new 
facts.  America  has  emerged  from  the  conflict  with  a  new 
sense  of  thoroughness.  We  have  seen  our  waste  and  extrava- 
gance in  their  true  light.  We  learned,  under  necessity,  how 
to  bring  to  bear  all  our  resources  upon  a  common  problem. 
Almost  over  night,  we  discovered  how  we  could  do  something 
when  we  really  wanted  it  done.  The  mobilization  of  our 
financial  and  industrial  strength  was  magnificent.  We  did 
the  job  thoroughly.  The  war  itself  has  produced  excellent 
results  in  the  students.  While  many  of  the  men  are  physically 
restless,  and  while  regular  courses  have  been  interrupted  and 
normal  procedure  in  their  educational  career  disrupted,  they 
come  back  with  a  new  spirit.  Many  of  the  specific  duties  of 
army  life  have  intensified  the  demand  for  real  accuracy.  They 
actually  see  now  why  accuracy  is  a  prerequisite  of  all  worthy 
effort.  Perhaps  nothing  could  have  engendered  this  new 
point  of  view  except  the  frightful  necessities  of  war.  These 
men  are  more  mature  than  any  students  we  have  known.  They 
have  been  face  to  face  with  the  sternest  realities  of  life. 
They  understand  now  what  the  world  expects  of  them.  Even 
before  the  war  a  new  sense  of  intellectual  seriousness  was  de- 
veloping in  the  colleges.  Running  all  through  our  national 
life  is  a  new  emphatic  note  of  obligation.  The  colleges  must 
seize  this  occasion  to  drive  home  in  a  new  day  the  old  demand 
for  accuracy. 
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It  may  be  valuable  here  to  look  more  carefully  at  this  qual- 
ity. It  obviously  is  derived  from  ad  and  curare  and  therefore 
connotes  carefulness,  preciseness,  exactness  and  definiteness. 
Speaking  negatively  it  calls  for  the  absence  of  defects,  the 
elimination  of  mistakes  and  freedom  from  errors.  From  the 
positive  point  of  view  it  calls  for  exact  conformity  to  a  stand- 
ard or  to  truth.  It  inevitably  requires  delicacy,  nicety,  pre- 
cision and  fineness  of  thought  and  action.  There  is  something 
about  it  which  insists  upon  the  quality  of  "rigor  and  vigor." 
Practically  it  demands  of  the  student  that  he  make  some  defi- 
nite and  final  choices  out  of  the  superabundance  of  riches 
which  coUege  life  hurls  at  him.  It  says  that  not  by  a  hap-haz- 
ard.  ill-considered  jumbling  of  all  of  the  elements  of  underr 
graduate  life  but  by  concentrating  completely  upon  a  few  of 
them,  will  he  save  his  soul.  It  suggests  to  him  that  he  settle 
down  to  the  task  in  hand.  It  hints  at  patience  and  thorough- 
going effort.  It  proclaims  the  stem  doctrine  that  there  is 
high  value  in  hard  work.  It  is  the  old-fashioned,  insistent 
demand  lying  back  of  all  worthy  effort  in  any  field.  The  col- 
leges of  liberal  arts  have  said  much  about  culture.  It  may  be 
valuable  to  insist  here  that  accuracy  and  culture  are  insepar- 
able. Professor  John  Dewey  spoke  wisely  when  he  said  that 
' '  there  is  perhaps  no  better  definition  of  culture  than  that  it  is 
the  capacity  for  constantly  expanding  in  range  and  accuracy 
one's  perception  of  meanings." 

But  how  shall  the  colleges  perform  this  function  ?  It  is  at 
this  point  that  serious  disagreement  will  arise.  Some  will 
insist  that  the  demand  for  accuracy  is  only  another  way  of 
advocating  a  renaissance  of  classical  study.  Others  will  find 
here  a  defense  of  mathematics  and  scientific  subjects.  Xo 
doubt  there  are  large  elements  of  truth  in  these  contentions. 
The  outstanding  fact,  however,  which  we  must  not  fail  to 
recognize,  is  that  accuracy  does  not  depend  upon  the  specific 
content  of  this  or  that  course  of  study.  It  is  not.  I  take  it, 
primarily  a  question  of  curricula  or  their  organization  with 
which  we  are  dealing.     It  is  rigid  discipline  in  all  subjects 
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that  we  must  have.  The  duty  of  the  liberal  arts  college  is  to 
"cultivate  the  fundamentals."  No  one  can  pretend  to  have 
sufficient  wisdom  to  anticipate  the  specific  issues  of  the  day  in 
which  the  present  generation  of  students  will  do  its  work. 
Therefore  the  prime  consideration  is  not  the  pursuing  of  this 
or  that  subject,  but  the  acquiring  of  a  highly  sharpened  tool 
which  will  cut  its  way  straight  through  the  twisted  materials 
of  a  rudely  shaken  social  order.  If  the  colleges  can  send  out 
men  who  will  instinctively  demand  the  ^acts,  and  who  will 
constantly  insist  upon  wise  and  timely  legislation  in  keeping 
with  those  facts  their  service  to  the  country  will  be  quickly 
recognized  and  highly  appraised.  The  colleges  of  liberal  arts 
will  have  a  right  to  exist  if  they  produce  a  generation  of  citi- 
zens trained  to  work  thoroughly  and  patiently  and  to  think 
cogently  and  accurately. 

The  college  must  stimulate  and  awaken  its  students.  Any 
careful  student  of  American  education  recognizes  that  a  very 
significant  change  is  coming  over  some  of  our  institutions  of 
higher  learning.  A  decade  ago,  the  first  consideration  was 
research.  The  teacher  was  quietly  disregarded  for  the  man 
who  could  ' '  produce. ' '  To-day  the  teacher  is  coming  into  his 
own.  This  tendency  does  not  mean  that  investigation  has 
fallen  or  is  to  fall  into  disrepute.  Research  will  always  be  of 
primary  importance  to  a  true  university.  But  it  does  mean 
that  colleges  are  frankly  recognizing  their  obvious  obligations 
to  students. 

The  assertion  that  colleges  must  awaken  their  students  will 
arouse  the  concern,  if  not  the  opposition,  of  three  groups  of 
people.  The  technician  desires  to  emphasize  the  acquisition 
of  some  particular  skill  or  dexterity.  Surely  there  need  be  no 
essential  disagreement  at  this  point.  The  advocate  of  voca- 
tional education  or  the  defender  of  professional  training 
seems  to  surpass  others  in  stimulating  his  students.  The  in- 
vestigator insists  that  contributions  to  knowledge  are  his 
first,  if  not  his  only,  concern.  Again  there  is  no  possible  in- 
compatibility between  the  two  points  of  view.    There  are  some, 
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however,  who,  conceding  their  good  taste  look  down  with  dis- 
dain upon  "inspiration."  They  are  highly  to  be  commended, 
if  by  inspiration  they  mean  mere  excitement,  shallow  emo- 
tionalism or  flitting  enthusiasm.  They  are  utterly  mistaken  if 
inspiration  means  the  awakening  of  a  human  being  to  some 
appreciation  and  realization  of  the  meaning  of  life. 

The  demand  that  our  colleges  awaken  their  students  is 
grounded  in  some  very  serious  facts.  The  externality,  mech- 
anism and  formalism  of  American  education  are  notorious. 
Consider  for  a  moment  our  prevailing  methods  for  admission. 
Think  how  we  have  counted  units,  hours  and  minutes !  If  a 
boy  has  had  fifteen  units  he  has  been  admitted  and  if  he  has 
had  fourteen  we  have  said  that  he  is  not  "college  material." 
The  rapidly  changing  plans  for  entrance  are  clear  indications 
that  we  have  revolted  against  some  of  the  methods  prevailing 
in  the  past.  Our  system  of  examinations  within  colleges  are 
scarcely  intended  to  encourage  the  habit  of  becoming  thor- 
oughly at  home  in  any  given  field  of  knowledge,  A  student  at 
the  end  of  the  first  semester  takes  a  set  of  examinations  and, 
if  he  passes,  the  grades  are  piled  away  like  so  much  wood  that 
has  been  sawed.  He  repeats  the  process  eight  times  and  we 
call  him  "educated."  The  multiplicity  of  rules,  regulations 
and  statutes  produce  a  wholesome  effect  upon  the  freshmen, 
if  bewilderment  is  good  for  the  soul  of  a  new  matriculant. 
The  spirit  of  the  average  class  room  is  rarely  intended  to 
arouse  students  to  new  levels  of  thought  and  action.'-  Doubt- 
less if  Henry  Adams  were  teaching  in  any  first  class  American 
college  to-day,  he  would  say  just  what  he  did  of  his  students 
at  Harvard  College.  "All  were  respectable,  and  in  seven 
years  of  contact,  Adams  never  had  causes  to  complain  of  one ; 
but  nine  minds  in  ten  take  polish  passively  like  a  hard  sur- 
face; only  the  tenth  sensibly  reacts." 

We  need  not,  however,  rest  the  case  here.  This  generation 
of  students  faces  prodigious  tasks  not  only  of  national  but 
world  wide  proportions.  Mr.  Frank  Vanderlip's  book  en- 
titled "Wliat  Happened  to  Europe"  suggests  the  magnitude 
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of  the  gigantic  work  that  must  be  done.  Huge  war  debts,  the 
demoralization  of  transportation,  the  disruption  of  industrial 
processes,  the  disorganization  of  life  as  a  whole,  have  created 
a  world  situation  which  calls  for  all  of  the  skill  and  ability 
which  America  can  produce.  Back  of  these  considerations,  is 
the  fascinating,  challenging  fact  that  the  present  generation  of 
students  has  almost  unlimited  potentialities  for  coping  with 
these  momentous  tasks.  These  potentialities  must  be  utilized. 
The  colleges  simply  must  awaken  their  students  to  new  com- 
prehensions of  the  possibilities  just  ahead.  The  achievements 
of  our  armies  in  this  war  substantiate  the  assertion  that  mar- 
velous capacities  lie  dormant  in  American  youth  awaiting 
only  the  stimulus  of  a  great  cause  and  a  great  occasion. 

The  Century  Dictionary  says  that  "stimulate"  means  to 
"animate  to  action  or  more  vigorous  exertion  by  some  effec- 
tive motive. ' '  Surely  the  motive  exists.  Physicians  sometimes 
speak  of  "stimulating  baths.''  The  colleges  must  surround 
the  student  with  a  quickening,  thrilling  environment.  It  can 
only  be  done  by  the  contact  of  spirit  with  spirit.  The  world 
still  responds  to  the  quickening  touch  of  a  great  soul. 

If  the  colleges  are  to  stimulate  their  students  certain  re- 
quirements must  be  met.  First  of  all.  Boards  of  Trustees,  and 
college  administrations  must  place  a  higher  evaluation  upon 
the  art  of  teaching.  Concretely,  the  salaries  of  professors 
must  be  advanced  at  once  to  the  point  where  mere  self-respect 
is  possible.  And  then  we  must  have  teachers  who  teach. 
That  is  to  say,  we  must  have  persons  who  actually  proceed 
upon  the  hypothesis  that  the  thing  which  counts  in  the  class- 
room is  not  the  amount  of  material  which  is  presented  but  the 
actual,  positive  awakening  of  a  human  being  to  some  faint 
understanding  of  the  responsibility  of  being  alive.  Let  us 
hope  that  then  we  may  have  students  who  study.  That  is  to 
say,  young  men  who  without  losing  the  respect  of  their  col- 
leagues can  show  actual  concern  for  their  understanding  of 
truth  and  their  interpretation  of  life.' 

The  plea  we  make  is  for  the  simple  recognition  of  the  com- 
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monly  accepted  truths  of  educational  psychology.  In  his 
work  entitled  "Education  and  Democracy"  (page  46)  Pro- 
fessor John  Dewey  has  expressed  it  this  way.  "That  educa- 
tion is  not  an  affair  of  "telling  and  being  told'  but  an  active 
constructive  process,  is  a  principle  almost  as  generally  vio- 
lated in  practice  as  it  is  conceded  in  theory. ' '  By  some  method 
the  college  of  liberal  arts  must  stab  its  students  broad  awake. 
The  present  hour  will  tolerate  no  other  result.  Emerson 
preached  the  same  idea  most  eloquently.  He  insisted  that 
"the  one  thing  in  the  world,  of  value,  is  the  active  soul.  This 
every  man  is  entitled  to.  this  every  man  contains  within  him, 
although  in  almost  all  men  obstructed,  and  as  yet  unborn." 
Here  is  the  tragedy  of  education.  Henry  Adams  knew  full 
well  that  only  one  mind  in  ten  sensibly  reacts  to  the  presenta- 
tion of  truth.  It  is  the  fascinating,  divine  task  of  the  college 
of  liberal  arts  to  remove  the  obstructions  and  to  demolish  the 
obstacles  which  stand  in  the  way  of  every  man  possessing  an 
active  soul.  As  Carlyle  would  say  "in  one  way  or  the  other  it 
will  have  to  be  done."  We  shall  have  to  puU  down  the  brute 
god.  !Mammon,  and  put  a  spirit  God  in  his  place! 

Again  the  colleges  must  reckon  seriously  with  the  present. 
The  student  must  be  made  to  live  in  the  new  day.  Students 
have  acquired  accuracy  and  their  spirits  have  been  thoroughly 
aroused  by  the  study  of  Sanskrit.  These  results  are  obtain- 
able by  the  use  of  many  disciplines  dealing  with  the  past. 
Mankind,  however,  has  just  emerged  from  the  most  direful 
cataclysm  it  has  ever  experienced.  The  country  will  demand 
of  the  colleges,  and  rightly  so,  that  the  students  be  thor- 
oughly at  home  in  their  own  day. 

By  some  method,  the  coUege  man  must  come  to  understand 
the  great  movements  of  the  present  day.  The  war  has  placed 
great  burdens  upon  mankind  everywhere.  Marvelous  new 
forces  have  been  liberated.  Strange  and  mysterious  move- 
ments have  been  inaugurated.  Great  outstanding  issues  must 
be  met  and  extremely  intricate  and  complicated  problems  must 
be  solved.    The  facts  are  not  at  hand.    Moreover,  the  facts. 
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particularly  iu  all  the  social  sciences,  are  not  dead,  rigid, 
static  tilings  which  can  be  tabulated.  They  never  congeal. 
The  situation  to-morrow  will  be  different  from  what  it  is 
to-day.  Consequently  students  cannot  be  sent  forth  with 
readymade  opinions.  They  must,  however,  become  aware  of 
our  situation  and  feel  at  home  in  dealing  with  these  gigantic 
questions.  They  can  acquire  a  background  upon  which  sound 
and  substantial  judgments  can  be  formed  as  the  facts  develop 
and  the  tendencies  of  their  day  become  discernible. 

For  example,  every  discriminating  citizen  for  decades  to 
come  must  have  some  real  knowledge  of  international  law  and 
the  whole  field  of  international  relationships.  The  ratifica- 
tion of  the  peace  treaty,  while  important,  will  only  mark  the 
beginning  of  a  new  era  in  world  relationship  which  will  call 
constantly  for  wise  and  statesmanlike  action.  Or  again,  the 
whole  problem  of  our  industrial  relationships  must  be  worked 
out  in  the  years  just  ahead.  The  great  questions  of  "repre- 
sentation in  industrj-, ' '  of  collective  bargaining  and  the  rights 
of  the  public  will  demand  the  most  patient  and  careful  rea- 
soning. Mr.  Albert  Mansbridge,  writing  iu  The  Atlantic  for 
August,  solemnly  asserts  that  ''no  community  can  afford  to  let 
the  powerful  forces  of  education  and  labor  develop  otherwise 
than  in  conscious  cooperation."'  Every  citizen  must  under- 
stand the  labor  movement.  Beyond  these  highly  important 
subjects  lies  the  crucial  question  of  the  hour.  All  about  us 
are  groups  who  insist  that  the  ballot  box  is  too  slow  in  pro- 
ducing results,  and  that  we  shall  never  achieve  social  progress 
by  the  regular  constituted  agencies  of  the  government.  There- 
fore, they  appeal  to  the  direct  method  of  violence,  revolution 
and  destruction.  The  issue  now  is  quite  similar  to  the  one 
which  Abraham  Lincoln  faced  iu  1S61  only  it  is  upon  a  far 
wider  scale  and  more  subtle  and  insidious  in  its  operations. 
Mr.  Lincoln  raised  seriously  the  question  whether  all  repub- 
lican forms  of  government  have  this  inherent  weakness :  ^lust 
they  be  too  strong  for  the  liberties  of  their  people  or  too  weak 
to  maintain  their  own  existence  ?    That  certain  groups  believe 
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the  first  and  hope  for  the  second  cannot  be  questioned.  Col- 
lege men  of  to-day  should  be  compelled  to  think  clearly  and 
decisively  upon  this  paramount  issue.  Unless  democracy  can 
insist  upon  an  unqualified,  unconquerable  respect  for  law  and 
order,  then  only  disaster  is  ahead. 

Doubtless  there  will  be  little  difference  of  opinion  eoneern- 
ing  the  end  to  be  attained  but  there  will  be  serious  disagree- 
ment as  to  the  methods  to  be  employed  in  seeking  that  end. 
It  goes  without  saying,  that  we  must  be  prepared  in  our  col- 
leges of  liberal  arts  to  offer  excellent  and  thorough  training 
in  all  the  social  sciences.  If  a  man  gets  a  thorough  grounding 
in  history  and  some  real  understanding  of  political  economy, 
political  science,  and  sociology  he  will  surely  be  ready  in  a 
measure  to  cope  with  the  main  movements  of  his  day.  Like- 
wise, modern  languages  will  be  increasingly  essential  for  the 
man  who  is  to  acquire  a  real  understanding  of  world  ten- 
dencies. 

The  vital  necessity,  however,  is  an  atmosphere  of  cogent  dis- 
cussion. Every  classroom  must  be  a  place  where  mind  meets 
mind,  where  there  is  little,  if  any.  appeal  to  external  author 
ity,  and  where  there  is  much  devotion  to  clear  sequacious 
thinking.  A  real  college  will  be  a  place  where  members  of 
the  faculty  and  students,  with  mutual  respect  for  each  other's 
opinions,  will  associate  in  perfectly  natural  and  norma-1  ways 
and  exchange  views  upon  the  developing  life  of  the  world. 
Perhaps  the  highest  test  which  a  college  has  to  meet,  is  whether 
its  students  actually  discuss  among  themselves  their  serious 
intellectual  interests.  If  an  atmosphere  could  prevail  where 
a  student  could  retain  the  respect  of  his  colleagues  and  still 
raise  with  them  in  groups,  large  or  small,  his  intellectual  diffi- 
culties, then  our  problem  would  be  largely  solved.  Every  col- 
lege should  have  a  public  forum,  where  the  vital  issues  of  the 
day  are  faced  with  frankness  and  candor.  To  achieve  recog- 
nition here  should  be  the  highest  distinction  open  to  a  student. 
By  some  such  method,  and  under  the  guidance  of  some  such 
motive,  unlimited  possibilities  for  greater  effectiveness  in  col- 
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lege  training  lie  before  us.  However  it  is  done,  we  must  have 
students  who  understand  their  own  day.  The  facts  are  so 
elusive,  the  conditions  are  so  fluctuating,  and  the  ramifications 
of  our  problems  are  so  extensive,  that  prolonged,  careful 
thought  is  absolutely  essential.  Students  must  acquire  a  habit 
of  mind  which  will  serve  them  faithfully  in  the  actual  con- 
flicts of  the  world.  Such  mental  equipment  Bacon  must  have 
had  in  mind  when  he  said:  "Eead  not  to  contradict  and  con- 
fute, nor  to  believe  and  take  for  granted,  nor  to  find  talk  and 
discourse,  but  to  weigh  and  consider." 

The  colleges  must  inculcate  integrity.  This  is  a  strange 
utterance.  It  involves  no  accusation  of  the  colleges  and  is 
not  intended  to  establish  the  inference  that  dishonesty  has 
characterized  pur  work.  Xor  is  it  intended  to  contradict  the 
Socratic  doctrine  that  knowledge  is  virtue.  No  doubt,  anj* 
one  who  really  understands  life  is  a  man  of  integrity.  At  any 
rate  this  seemed  to  be  true  until  the  war  revealed  to  us  the 
real  motives  and  character  of  the  representatives  of  the  Im- 
perial Government.  Prior  to  that  time  we  may  have  believed 
that  there  was  no  such  thing  as  an  "  educated  villian ' ' !  Now 
we  face  a  situation  which  tests  the  consistency  of  our  thought. 
Emerson  was  entirely  correct  in  reminding  us  that  '"consist- 
ency is  the  hobgoblin  of  little  minds.''  However  we  may 
state  the  matter  in  terms  of  logic  or  philosophy  our  colleges 
must  be  places  where  men  are  marked  by  plain  honesty  and 
sheer  integrity. 

The  world  situation  to-day  accentuates  if  it  does  not  origi- 
nate this  demand.  The  war  destroyed  confidence  everywhere. 
Mutual  understanding  and  good-will  between  all  groups  within 
our  country  and  between  all  nations  is  the  primary  need  of 
the  hour.  But  confidence  can  be  established  only  on  the  basis 
of  character  and  integrity.  A  very  serious  situation  for  the 
colleges  arises  out  of  the  fact  that  all  the  world  knows  the 
part  German  education  played  in  fashioning  German  ideals 
and  motives.  All  mankind  disapproves  morally  and  spirit- 
ually of  Germany.     Our  people  trace  the  causes  directly  to  a 
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false  educational  system.  It  is  not  surprising,  therefore,  that 
our  country  is  watching  with  considerable  care,  if  not  sus- 
picion, the  actual  operation  of  our  entire  educational  system. 
The  unescapable  lesson  of  the  war  is  that  Germany  lacked  in 
integrity — plain,  sheer  uprightness.  The  duplicity  and  men- 
dacity of  her  diplomatic  representatives  combined  with  her 
repeated  efforts  to  eliminate  all  ethical  considerations  from 
international  relationships  sustain  this  statement  beyond  all 
danger  of  successful  contradiction.  At  the  present  moment, 
all  nations  and  all  mankind  trust  America.  Just  so  America 
must  be  able  to  trust  her  colleges  and  her  educational  system 
as  a  whole. 

Our  institutions  of  higher  learning,  therefore,  must  be  syn- 
onyms for  integrity.  To-day  as  never  before  the  college  of 
liberal  arts  must  stand  for  absolute,  unqualified  devotion  to 
the  truth.  In  all  of  the  complicated  relationships  of  a  new 
day  when  vital  issues  are  at  stake,  all  groups  and  all  interests 
must  understand  that  the  colleges  will  teach  the  truth  re- 
gardless of  the  consequences  to  their  endowments,  their  en- 
rollments and  their  equipment.  No  man  must  be  permitted 
to  suggest  that  a  muzzle  be  put  on  a  college  professor  so  long 
as  he  lives  in  keeping  with  the  normally  accepted  moral  stand- 
ards of  the  community  and  is  a  loyal  defender  of  the  consti- 
tution and  government  of  the  United  States.  In  spite  of  the 
effects  upon  himself,  his  job,  his  family  and  his  future,  the 
true  professor,  in  sheer  self-respect,  must  know  that  he  can 
teach  the  truth  as  he  sees  it. 

The  whole  institution  must  be  saturated  with  this  spirit  and 
point  of  view.  Honest  work  must  be  done  in  every  classroom 
by  every  student.  There  should  prevail  everywhere  the  gen- 
eral, unquestioned  assumption  that  every  person  instinctively 
maintains  a  standard  which  requires  the  finest  type  of  hon- 
esty in  every  collegiate  relationship. 

The  extremely  difficult  and  highly  significant  phase  of  this 
truth,  however,  is  not  only  that  the  college  should  be  honest 
but  should  be  accepted  and  recognized  as  honest  by  the  people. 
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Therefore,  we  must  avoid  all  appearance  of  evil.  "We  must 
keep  our  hands  clean.  There  must  be  no  smell  of  smoke  on 
our  garments.  We  must  be  able  to  put  into  the  world  men 
who  will  instinctively  and  incessantly  oppose  all  forms  of 
social  evil  and  who  will  cooperate  with  every  good  movement 
looking  to  the  welfare  of  the  people  as  a  whole.  It  will  not 
always  produce  agreeable  results.  Righteousness  occasions 
much  discomfort  for  large  groups  of  people.  The  trained 
citizen  of  to-morrow  will  actively  oppose  the  business  man 
who  profiteers,  the  laboring  man  who  shirks,  the  politician 
who  sets  private  gain  above  public  weal,  the  citizen  who  sel- 
fishly enjoys  the  blessings  of  democracy  without  meeting  its 
demands  and  the  man  of  means  who  fails  to  accept  his  wealth 
as  a  social  trust.  He  will  recognize  that  truth  knows  no  time 
distinctions,  that  policies  and  principles  are  not  true  or  false 
because  they  are  old  or  new.  Therefore,  he  will  attack  both 
the  radical  who  forgets  the  wisdom  of  the  past  and  dreams  of 
an  impossible  future  and  the  conservative  who  idealizes  the 
past  and  neglects  the  plain  duties  of  the  present. 

These  are  critical  days  for  the  college  of  liberal  arts.  Ob- 
viously there  is  more  need  for  it  to-day  than  ever  before.  It 
simply  must  function  mightily  in  the  midst  of  marvelously 
fascinating  conditions.  Its  future  is  secure  if,  even  in  a 
measure,  it  can  train  students  to  work  thoroughly  and  to 
think  accurately,  if  it  can  awaken  men  to  some  realizing  sense 
of  the  meaning  and  glory  of  being  alive,  if  it  can  enable  stu- 
dents to  know  their  own  day  and  above  all  if  it  can  make  them 
men  of  integrity. 

These  are  not  new  duties.  They  are  the  old  demands  ac- 
centuated by  the  needs  of  a  new  day. 

Discussion. 
Dr.  Hutchins :  For  several  years  I  have  been  accustomed  to 
surprises.  Of  course,  I  have  taken  it  as  a  part  of  my  life, 
part  of  my  experience,  that  I  should  be  called  upon  to  say 
something  without  having  had  an  opportunity  for  prepara- 
tion, at  all  sorts  of  gatherings.     When  a  college  president 
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was  about  to  be  inaugurated.  President  Butler,  of  Columbia, 
sent  him  word  that  the  first  qualification  that  he  must  possess 
was  the  ability  which  would  enable  him  to  speak  three  hundred 
and  sixty-five  times  each  year  without  the  slightest  prepara- 
tion. 

It  is  not  a  pleasure  for  me  to  say  the  parting  word.  It  is 
pleasauter  to  say  the  welcoming  word.  I  tried  to  say  that 
the  other  day.  I  trust  that  your  stay  of  a  few  days  among 
us  has  not  been  without  profit  and  pleasure.  I  wish  to  as- 
sure you — I  think  I  can  do  that,  although  I  am  no  longer 
President  of  the  University. 

Dr.  Burton:    Anything  that  you  say  goes. 

Dr.  Hutckins:  I  wish  to  assure  you  that  a  most  cordial 
welcome  will  await  you  in  the  future  whenever  it  shall  be 
your  desire  to  return  to  Ann  Arbor.  To  use  a  New  England 
expression,  remember,  please,  that  the  latch-string  here  is 
always  out. 

President  Greene:  About  two  years  ago  I  visited  Detroit 
with  Mr.  Calvin  W.  Rice,  of  the  American  Society  of  Me- 
chanical Engiueei's,  to  meet  with  their  local  section  in  that 
city.  There  were  a  great  number  of  Michigan  men  there. 
They  greeted  the  president  of  our  society  as  an  old  friend,  as 
almost  a  father,  and  in  return  he  gave  that  smile  which  I 
have  been  told  the  Governor  of  this  State  once  said  would 
cause  the  wolves  to  go  away.  I  could  easily  see  then  how  they 
loved  their  dean,  their  professor.  Dean  M.  E.  Cooley. 

I  was  reminded  to-night  of  a  little  girl  here  in  Ann  Arbor 
who  once  asked  her  mother  whether  Mortimer  was  a  name 
or  a  title. 

I  think  we  are  very  fortunate  in  having  this  man  for  our 
next  president,  and  I  am  gratified  in  having  the  honor  to 
tuni  over  the  affairs  of  the  society  to  him  for  the  coming 
year.    President  Cooley. 

President  Cooley:  I  accept  the  responsibility  of  the  Presi- 
dency with  some  anxiety.     Such  a  splendid  example  has  been 
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set  during  the  past  year  for  the  new  president  to  follow  that 
I  fear  he  will  often  find  himself  at  a  loss  how  best  to  proceed. 
But  I  have  been  greatly  inspired  during  these  past  few  days. 
It  has  been  impressed  upon  me  that  you  are  a  body  of  think- 
ing men ;  also  that  you  are  very  prolific.  No  difficulty  should 
arise  in  the  preparation  of  a  program  for  an  annual  con- 
vention. The  difficulty,  as  I  see  it,  will  be  to  eliminate  great 
masses  of  material  that  will  be  presented.  Our  Ex-president 
Greene  has  outlined  what  I  consider  to  be  the  great  problem 
confronting  engineering  educators  in  this  country.  President 
Burton  has  pointed  out  and  emphasized  very  forcibly  the 
character  of  some  of  the  problems  which  confront  us.  I  am 
delighted  to  have  heard  these  words,  as  I  know  all  of  you 
are,  from  President  Burton. 

I  will  not  attempt  to  outline  any  program  of  work  for  the 
coming  year.  I  believe  the  President  of  your  Society  is  not 
expected  to  do  anything  of  the  sort.  What  I  may  say  is  that 
I  shall  endeavor  to  carry  on  the  good  work  of  the  Society, 
and  that  I  feel  I  shall  have  your  cordial  support  in  all  matters 
promoting  engineering  education. 

If  there  is  no  further  business  to  come  before  the  society,  I 
declare  this  convention  adjourned. 
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